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(57) ABSTRACT 

A system for driving a machine is provided. A user input 
device inputs a desired throttle setting for the machine. The 
system includes an infinitely variable transmission having a 
transmission ratio that is adjustable. At least one sensor deter 
mines an inclination of the machine relative to a reference 
plane. A controller is configured to determine and apply a 
variable rate limit upon change in the transmission ratio based 
on the inclination of the machine when the desired throttle 
setting is reduced more than a predetermined amount and to 
adjust the rate limit based on the difference between an actual 
engine speed and a desired engine speed. 
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FIG. 2 
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NFINITELY VARIABLE TRANSMISSION 
WITH CONTROLLED COASTING 

TECHNICAL FIELD 

0001. This patent disclosure relates generally to infinitely 
variable transmissions for mobile machines and, more par 
ticularly, to infinitely variable drive transmissions and meth 
ods for controlling infinitely variable drive transmissions that 
provide controlled coasting of mobile machines. 

BACKGROUND 

0002 Many mobile machines used in industries such as 
mining, construction and farming utilize infinitely variable 
transmissions, such as a hydrostatic drive transmission. A 
hydrostatic drive transmission utilizes a hydraulic pump and 
hydraulic motor combination to provide continuously vari 
able torque and speed to the drive train of the machine. Such 
transmissions can provide certain advantages over mechani 
cal transmissions including improved fuel economy. 
0003) A potential issue with hydrostatic drive transmis 
sions is that they can provide an operator with a different 
“feel under certain operating conditions than a traditional 
mechanical transmission. One example of a circumstance 
where a hydrostatic drive transmission can provide a different 
feel is when an operator reduces the throttle when the 
machine is in motion. In Such circumstances, the machine 
will coast a certain distance as the engine slows down. 
Machines with hydrostatic transmissions are typically con 
figured to decelerate in the same manner regardless of the 
load or engine speed. As a result, a machine with a displace 
ment controlled hydrostatic drive transmission will coast a 
similar distance no matter whether the machine is travelling 
on flat ground, uphill or downhill when the operator reduces 
the throttle. This can be unintuitive to an operator who may be 
used to operating machines with traditional mechanical trans 
missions that generally coast more when travelling downhill 
than they coast when travelling uphill or on flat ground. 
0004 U.S. Pat. No. 8,070,651 discloses a work machine 
coast control system with an infinitely variable transmission. 
The control system is configured to determine a driver 
demand regarding deceleration of the machine at a time of 
coasting accompanied by an accelerator releasing operation. 
The controller is further configured to control the transmis 
sion to decelerate the vehicle according to the determined 
drive demand regarding deceleration. The control system 
does not provide any adjustment of the coasting of the 
machine based on the slope on which the machine is operat 
1ng. 

SUMMARY 

0005. In one aspect, the disclosure describes a system for 
driving a machine. The system includes a user input device 
for inputting a desired throttle setting for the machine. An 
infinitely variable transmission is provided that has a trans 
mission ratio that is adjustable. At least one sensor is config 
ured to determine an inclination of the machine relative to a 
reference plane. A controller is in communication with the 
user input device to receive the desired throttle setting and the 
sensor to receive information relating to the inclination of the 
machine. The controller is in communication with the 
hydraulic motor and the hydraulic pump and is configured to 
control the transmission ratio. The controller is configured to 
determine and apply a variable rate limit change in the hydro 
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static transmission ratio based on the inclination of the 
machine when the desired throttle setting is reduced more 
than a predetermined amount. 
0006. In another aspect, the disclosure describes a 
machine including a user input device for inputting a desired 
throttle setting for the machine. The machine includes an 
engine and an engine speed sensor configured for determin 
ing an actual speed of the engine. The machine includes an 
infinitely variable transmission having a transmission ratio 
that is adjustable. A controller is in communication with the 
user input device to receive the desired throttle setting and the 
engine speed sensor to receive the actual engine speed. The 
controller is in communication with the infinitely variable 
transmission and configured to control the transmission ratio. 
The controller is configured to determine a desired engine 
speed based on the desired throttle setting and to determine 
and apply a variable rate limit upon change in the transmis 
sion ratio based on a difference between the actual engine 
speed and the desired engine speed when the desired throttle 
setting is reduced more than a predetermined amount. 
0007. In yet another aspect, the disclosure describes a 
method for controlling deceleration of a machine having an 
engine and an infinitely variable transmission with an adjust 
able transmission ratio. The method includes the step of deter 
mining when a desired throttle setting input by an operator is 
reduced more than a predetermined amount. A rate limit of 
change of the hydrostatic transmission ratio is determined 
based on at least one of an inclination of the machine or a 
difference between a desired engine speed based on the 
desired throttle setting and an actual engine speed. The rate 
limit of change is applied to adjust the transmission ratio in 
response to the reduction in the desired throttle setting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic side view of an exemplary 
machine suitable for use with an infinitely variable transmis 
sion of the present disclosure. 
0009 FIG. 2 is a schematic view of an infinitely variable 
transmission according to the present disclosure. 
0010 FIG. 3 is a flow chart illustrating one method of 
controlling coasting of an infinitely variable transmission 
according to the present disclosure. 

DETAILED DESCRIPTION 

0011. This disclosure generally relates to an apparatus and 
method for providing controlled coasting of a mobile 
machine having an infinitely variable transmission. With par 
ticular reference to FIGS. 1 and 2, an exemplary machine 10 
having an engine 12 and an infinitely variable transmission is 
shown. In this case, the infinitely variable transmission is a 
hydrostatic drive transmission 14 (see FIG. 2) that can trans 
mit power from the engine 12 to a load. Such as one or more 
traction devices 16, that propel the machine in response to 
input received via operator input devices. In the embodiment 
of FIG. 1, the traction devices 16 comprise wheels. Alterna 
tively, the traction devices may embody a track located on a 
side of the machine, a belt, or any other driven traction device. 
0012. In addition to transmitting power to the traction 
devices that propel the machine, the hydrostatic transmission 
14 also may be used to transmit power to other loads such as, 
for example, an implement that is connected to the machine. 
In this case, the machine 10 includes a bucket 17 that is 
supported by a boom 19 (see FIG. 1) that is mounted to the 
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body of the machine. The implements carried by the machine 
may be utilized for a variety of tasks, including, for example, 
loading, compacting, lifting, brushing, and include, for 
example, buckets, compactors, forked lifting devices, 
brushes, grapples, cutters, shears, blades, breakers/hammers, 
augers, and others. 
0013 While the hydrostatic drive transmission 14 is illus 
trated in connection with a wheel loader, the arrangement 
disclosed herein has universal applicability in various other 
types of machines having hydrostatic drive or other infinitely 
variable transmissions as well. In this regard, the term 
“machine' may refer to any machine that performs some type 
of operation associated with an industry Such as mining, 
construction, farming, transportation, or any other industry 
known in the art. For example, the machine 10 may be an 
earth-moving machine. Such as a wheel loader, track loader, 
bulldozer, excavator, dump truck, backhoe, motor grader, 
material handler or the like. 
0014. The engine 12 (see FIG. 2) may be configured to 
produce a power output and may include an internal combus 
tion engine. For example, the engine 12 may include a diesel 
engine, a gasoline engine, a gaseous fuel-powered engine, or 
any other type of engine apparent to one skilled in the art. The 
engine 12 may produce a rotational mechanical output 
received by the hydrostatic drive transmission 14. 
0015 To allow an operator to input commands relating to 
a desired throttle setting for the machine, an operator input 
device 18 (shown schematically in FIG. 2) may be located 
within an operator station of the machine 10, for example, in 
close proximity to an operator's seat. By adjusting the desired 
throttle setting, the operator may adjust the speed and accel 
eration of the mobile machine. Manipulation of the operator 
input device 18 may generate signals indicative of a desired 
throttle setting for the machine. As described further below, 
the desired throttle setting may be used to determine a desired 
engine speed as well as the speed or acceleration of the 
machine. In one example, the operator input device 18 may 
embody a pedal. In another example, the operator input 
device 18 may embody a cruise control type button or switch 
that can be engaged to set the machine at a desired throttle 
setting or speed. It is contemplated, however, that the operator 
input device 18 may embody additional or different control 
devices such as, for example, joysticks, pedals, levers, 
Switches, buttons, wheels, and other control devices known in 
the art. 

0016. With additional reference to FIG. 2, the hydrostatic 
drive transmission 14 may include a hydraulic pump 20 and a 
hydraulic motor 22 coupled in a closed loop hydraulic con 
figuration. The pump 20 may be mechanically driven by the 
engine 12, while the motor 22 may mechanically drive the 
traction device 16. A first passageway 24 may direct pressur 
ized fluid discharged from the pump 20 to the motor 22. A 
second passageway 26 may return used fluid from the motor 
22 to the pump 20. It is contemplated that, in some embodi 
ments, the functions of the first and second passageways 24. 
26 may be reversed to thereby reverse the travel direction of 
the traction device 16, if desired. While a hydrostatic trans 
mission is shown, the present disclosure is also applicable to 
other types of infinitely variable transmissions such as elec 
trically coupled motors or toroidal transmissions. 
0017. The pump 20 may be a swashplate-type pump and 
include multiple piston bores, and pistons held against a 
tiltable swashplate 28. The pistons may reciprocate within the 
piston bores to produce a pumping action as the Swashplate 28 
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rotates relative to the pistons. The Swashplate 28 may be 
selectively tilted relative to a longitudinal axis of the pistons 
to vary a displacement of the pistons within their respective 
bores. The angular setting of the Swashplate 28 relative to the 
pistons may be carried out by any actuator known in the art, 
for example, by a servo motor. Although shown in FIG. 2 as 
producing only a unidirectional flow of pressurized fluid, it is 
contemplated that the pump 20 may be an over-center type 
pump or rotatable in opposing directions to produce flows of 
fluid in opposing directions, if desired. 
0018. The motor 22 may be a fixed or variable displace 
ment type motor fluidly coupled to the pump 20. The motor 22 
may convert the pressurized fluid from pump 20 into a rota 
tional output of traction device 16. As a variable displacement 
motor, the motor 22 may include multiple piston bores and 
pistons (not shown) held against a fixed or rotatable Swash 
plate 30. The angle of the swashplate 30 may determine an 
effective displacement of the pistons relative to the bores of 
the motor 22. The angular setting of the Swashplate 30 relative 
to the pistons may be carried out by any actuator known in the 
art, for example, by a servo motor. The respective displace 
ments of the pump and the motor may define a hydrostatic 
transmission ratio. 

0019. The machine 10 may be equipped with a plurality of 
sensors or sensing devices that gather data from various com 
ponents and systems and generate signals that are directly or 
indirectly indicative of various machine parameters associ 
ated with the performance and operating conditions of the 
machine. Sensors may be associated with, for example, the 
engine 16 and may include an engine speed sensor 32 con 
figured to determine the operating speed of the engine. Sen 
sors may also be provided that can be used to monitor the 
output ratio of the hydrostatic transmission. Other sensors 
may automatically gather real-time data Such as the operation 
of engine 16, the position of and load on the work imple 
ments, fluid pressure, flow rate, temperature, contamination 
level, and/or viscosity, fluid (i.e., fuel, oil, water, etc.) levels 
and consumption rates, electric current and/or Voltage levels, 
engagement status of the parking brake, loading levels (e.g., 
payload value, percent of maximum allowable payload limit, 
payload history, payload distribution, etc.), and other desired 
information. In addition, various sensors may be associated 
with the machine 10 that may be used to determine machine 
travel characteristics (e.g., speed, acceleration, torque, slip 
rate, etc.) as well as the position and orientation of machine 
10. Such sensors may include a sensor 34 that is configured to 
determine the inclination of the machine relative to a refer 
ence plane. A combination of multiple sensor inputs may also 
be used to provide a signal indicative of machine incline. 
0020. A controller 36 may be provided to facilitate opera 
tion of the machine including the hydrostatic drive transmis 
sion 14. As schematically shown in FIG. 2, the controller 36 
may be in communication with the operator input device 18 to 
receive information relating to the desired throttle setting, the 
pump 20, the motor 22, the engine 12, the engine speed sensor 
32 to receive the actual engine speed and the sensor 34 to 
receive information relating to the machine incline. The con 
troller 36 may be further configured to generate control sig 
nals for regulating operation of the pump 20 and the motor 22. 
More particularly, the controller 36 may be configured to 
control displacement of the pump 20 and the motor 22 by, for 
example, controlling a pump actuator device (e.g., a Solenoid 
and spool valve) to vary the displacement of the pump 20. 
Additionally, the pump actuator device may provide informa 
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tion to the controller about actual or commanded displace 
ment of the pump 20. Similarly, the displacement of the motor 
22 may also be controlled by a motor actuator device. The 
motor actuator device may also provide information to the 
controller about actual or commanded displacement of the 
motor 22. The controller 36 may control displacement of the 
pump 20 and motor 22 based on information received from 
the operator input device 18 and the various sensors. Through 
adjustment of the displacements of the pump 20 and motor 
22, the controller 36 can control the hydrostatic transmission 
ratio. The controller 36 may be in communication with the 
operator input device 18, the engine speed sensor 32, the 
sensor 34 for determining machine incline, the pump 20 and 
the motor 22 via control lines, which may carry digital, ana 
log, or mixed types of signals. Alternatively, communication 
with the various components may be implemented by 
mechanical or hydraulic lines. 
0021. The controller 36 may be a single controller or may 
include more than one controller disposed to control various 
functions and/or features of the machine 10. For example, the 
machine may include separate controllers for the hydrostatic 
transmission and for the engine. The term “controller' is 
meant to be used in its broadest sense to include one or more 
controllers and/or microprocessors that may be associated 
with the machine 10 and that may cooperate in controlling 
various functions and operations of the machine. The func 
tionality of the controller 36 may be implemented inhardware 
and/or software without regard to the functionality. The con 
troller 36 may rely on one or more data maps relating to the 
operating conditions of the machine 10 that may be stored in 
the memory of controller36. Each of these maps may include 
a collection of data in the form of tables, graphs, and/or 
equations. The controller 36 may use the data maps to maxi 
mize the efficiency of the machine 10. 
0022. The controller 36 may embody a single micropro 
cessor or multiple microprocessors. Numerous commercially 
available microprocessors may be configured to perform the 
functions of the controller36. It should be appreciated that the 
controller 36 may readily embody a general machine micro 
processor capable of controlling numerous machine func 
tions. Various other circuits may be associated with the con 
troller 36, Such as power Supply circuitry, signal conditioning 
circuitry, data acquisition circuitry, signal output circuitry, 
signal amplification circuitry, and other types of circuitry 
known in the art. 

0023 The control system, including the controller 36 and 
the associated sensors, may be configured to provide con 
trolled or adjusted deceleration or coasting of the machine 10 
when an operator signals for a reduction in the desired throttle 
setting of more than a predetermined amount through the 
operator input device 18. For instance, where the operator 
input device 18 is an accelerator pedal, the controlled coast 
ing of the machine 10 may be applied when an operator 
removes his foot from the accelerator pedal. More specifi 
cally, the controller 36 may be configured to adjust the decel 
eration or coasting of the machine 10 in Such circumstances 
So as to mimic the coasting behavior of a standard mechanical 
transmission in which the machine coasts more when travel 
ing down an incline, coasts less when traveling up an incline 
and coasts an intermediate amount when traveling on even or 
level ground. Such coasting behavior can be more intuitive to 
an operator because it is consistent with their experiences 
with conventional mechanical transmissions. 
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0024. The controlled or adjusted coasting of the machine 
10 can be accomplished by configuring the controller 36 to 
limit the rate at which the machine 10 decelerates, and 
thereby how much the machine 10 coasts, through adjustment 
of the hydrostatic transmission 14 based on the inclination of 
the machine as determined by the sensor 34. More specifi 
cally, the rate at which the machine 10 decelerates can be 
adjusted by configuring the controller 36 to limit the rate at 
which the hydrostatic transmission ratio changes. The con 
troller 36 may also be configured to adjust the rate limit on 
changes in the hydrostatic transmission ratio based on a dif 
ference between a desired speed of the engine 12 (as deter 
mined from the desired throttle setting) and the actual speed 
of the engine 12 (as determined by the engine speed sensor 
32). The adjustment of the rate limit based on the difference 
between the desired engine speed and the actual engine speed 
can be performed in place of or in addition to the adjustment 
of the rate limit based on inclination of the machine 10. 

0025 Referring to FIG. 3 of the drawings, a schematic 
flow diagram is provided that includes various steps that may 
be included in the control system and implemented by the 
controller 36 to provide controlled or adjusted machine coast 
ing. In an initial step 38, the operator uses the operator input 
device 18 to reduce the desired throttle setting. If the desired 
throttle setting is reduced more than a predetermined amount 
the controller 36 may be configured to control or adjust the 
deceleration or coasting of the machine. One step (step 40 in 
FIG. 3) involved in that process is determining a desired 
engine speed command based on the desired throttle setting 
entered by the operator in step 38. A propel command for the 
hydrostatic transmission is also determined based on the 
throttle command input by the operator in step 42. The propel 
command can represent a desired transmission ratio of the 
hydrostatic transmission. 
0026. In step 44, the machine incline is determined. This 
step can be performed by the sensor 34 and communicated to 
the controller 36. Alternate methods also could be used to 
determine machine incline. The machine incline data pro 
duced by the sensor 34 can include whether the machine 10 is 
traveling up an incline, down an incline or traveling on level 
ground and a measurement of the angle of inclination of the 
machine relative to a reference plane. In step 46, the controller 
36 takes the machine incline data and determines a rate lim 
ited propel command based on the machine incline. In par 
ticular, the rate limited propel command can be an adjustment 
applied to the propel command from step 42 in which the rate 
of change of the hydrostatic transmission ratio is limited to a 
determined amount. For example, the controller 36 may be 
configured such that when the sensor 34 determines that 
machine is traveling down an incline, the rate limit on the 
propel command is set low so that the propel command (i.e., 
the transmission ratio) does not change significantly despite 
the operator reducing the desired throttle setting. This allows 
a longer coast for the machine 10 after the operator reduces 
the throttle command. Conversely, the controller 36 may be 
configured such that when the sensor 34 determines that the 
machine 10 is travelling up an incline, the rate limit is set 
relatively higher which allows the propel command (i.e., the 
transmission ratio) to change more rapidly resulting in a faster 
deceleration of the machine 10 as compared to when traveling 
down an incline. Accordingly, the machine 10 coasts a shorter 
distance when traveling up an incline as compared to when 
traveling down an incline. 
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0027. The rate limit adjustment of the propel command 
may be further adjusted based on the amount of incline deter 
mined by the sensor 34 and the controller36. For example, the 
rate limit may be set lower when the machine 10 is traveling 
down steeper inclines than when traveling down more gradual 
inclines. Similarly, the rate limit may be set higher when 
traveling up a steeper incline than when traveling up a more 
gradual incline. To this end, the controller 36 could include a 
map or the like that contains different rate limits for different 
machine inclinations. 
0028. In step 48, the actual engine speed is determined, 
Such as through the engine speed sensor 32 communicating 
with the controller 36. The controller 36 then compares the 
actual engine speed from step 48 to the desired engine speed 
from step 40 to determine the difference therebetween in step 
50. The difference between the actual and the desired engine 
speeds is then applied by the controller 36 in step 52 to adjust 
the rate limited propel command that, in this case, is produced 
in step 46 based on the machine inclination. As noted previ 
ously, the step 52 of applying a rate limit to the propel com 
mand based on the difference between the actual engine speed 
and the desired engine speed can be performed instead of step 
46 to provide a different type of controlled coasting of the 
machine or in addition to step 46 as shown in FIG.3 to provide 
further adjusted coasting of the machine. 
0029. In order to provide the engine speed adjustment to 
the rate limit on the propel command determined in step 46. 
the controller 36 may be configured to provide a higher rate 
limit on the propel command, and thereby provide more 
aggressive deceleration, when the difference between the 
desired engine speed and the actual engine speed is Small, 
including when the difference is zero. For example, when the 
operator reduces the throttle setting to zero, the further decel 
eration of the machine 10 can be limited, so as to provide an 
unusually long machine coast, when the engine 12 reaches its 
low idle speed because reduced engine speed can no longer be 
used to slow the machine. In Such circumstances the actual 
engine speed, i.e. the engine's low idle speed, matches the 
desired engine speed. Accordingly, when the difference 
between the desired engine speed and the actual engine speed 
is low or Zero, the rate limit on the propel command can be 
increased in order to allow the hydrostatic transmission 14 to 
provide further deceleration of the machine 10 through 
appropriate adjustment of the hydrostatic transmission ratio. 
Conversely, when the difference between the desired engine 
speed and the actual engine speed is high, Such as the time 
shortly after the operator reduces the throttle command, only 
a small or no adjustment in the rate limit may be performed by 
the controller 36 in step 52 because the reducing engine speed 
still can be used to help decelerate the machine. 
0030 The rate limited propel command produced in steps 
46 and/or 52 is then used by the controller to direct the 
displacement settings of the pump 20 and/or motor 22 in steps 
54 and 56. The directed displacement settings for the hydrau 
lic pump 20 and hydraulic motor 22 are such that the desired 
hydrostatic transmission ratio for the controlled coasting of 
the machine 10 is produced. 

INDUSTRIAL APPLICABILITY 

0031. The present disclosure is applicable to any type of 
mobile machine having an infinitely variable transmission, 
including, for example, an electric, toroidal or hydrostatic 
transmission. The disclosure is particularly applicable to 
machines that are driven in environments in which the coast 
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ing feel of a mechanical transmission may be desirable. By 
adjusting the rate limits on the propel command based on 
machine inclination, the control system of the present disclo 
Sure allows a hydrostatic transmission to mimic the coasting 
characteristics of a mechanical transmission in that the 
machine will coast farther when traveling downhill than when 
traveling uphill. This is in contrast to a typical hydrostatic 
transmission with which a machine will coast the same dis 
tance when traveling uphill and when traveling downhill. 
0032. The adjustment of the propel command based on the 
difference between the desired and actual engine speeds also 
allows the deceleration and coasting of machines with hydro 
static transmissions to be more consistent with the coasting 
and deceleration experienced with machines having 
mechanical transmissions. One circumstance where the 
adjustment of the rate limit based on the difference between 
the desired engine speed and the actual engine speed can have 
a significant impact is when decelerating or coasting on level 
ground. In particular, hydrostatic transmissions can provide 
an unusually long coast when operating on level ground 
because the deceleration slows considerably once the engine 
reaches the low idle speed. Adjusting the rate limit under Such 
circumstances allows a hydrostatic transmission to provide a 
more intuitive machine coast with a uniform deceleration of 
the machine. 
0033. It will be appreciated that the foregoing description 
provides examples of the disclosed system and technique. 
However, it is contemplated that other implementations of the 
disclosure may differ in detail from the foregoing examples. 
All references to the disclosure or examples thereof are 
intended to reference the particular example being discussed 
at that point and are not intended to imply any limitation as to 
the scope of the disclosure more generally. All language of 
distinction and disparagement with respect to certain features 
is intended to indicate a lack of preference for those features, 
but not to exclude such from the scope of the disclosure 
entirely unless otherwise indicated. 
0034 Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring individu 
ally to each separate value falling within the range, unless 
otherwise indicated herein, and each separate value is incor 
porated into the specification as if it were individually recited 
herein. All methods described herein can be performed in any 
suitable order unless otherwise indicated herein or otherwise 
clearly contradicted by context. 
We claim: 
1. A system for driving a machine comprising: 
a user input device for inputting a desired throttle setting 

for the machine; 
an infinitely variable transmission having a transmission 

ratio that is adjustable; 
at least one sensor configured to determine an inclination 

of the machine relative to a reference plane; and 
a controller in communication with the user input device to 

receive information relating to the desired throttle set 
ting and the sensor to receive information relating to the 
inclination of the machine; the controller being in com 
munication with the infinitely variable transmission and 
configured to control the transmission ratio, the control 
ler being configured to determine and apply a variable 
rate limit upon change in the transmission ratio based on 
the inclination of the machine when the desired throttle 
setting is reduced more than a predetermined amount. 
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2. The system according to claim 1 wherein the controller 
is configured such that the rate limit determined by the con 
troller is different when the sensor determines the machine is 
traveling down an incline as compared to the rate limit deter 
mined by the controller when the sensor determines the 
machine is traveling up an incline. 

3. The system according to claim 2 wherein the rate limit 
determined by the controller is relatively lower when the 
sensor determines the machine is traveling down an incline 
than the rate limit determined by the controller when the 
sensor determines the machine is traveling up an incline. 

4. The system according to claim 2 wherein the controller 
is configured such that the rate limit determined by the con 
troller varies depending upon a degree of incline determined 
by the sensor. 

5. The system according to claim 1 further including an 
engine and wherein the infinitely variable transmission com 
prises a hydrostatic transmission including a hydraulic pump 
operatively connected to the engine and a hydraulic motor 
operatively connected to the hydraulic pump. 

6. The system according to claim 5 further including an 
engine speed sensor configured for determining an actual 
speed of the engine. 

7. The system according to claim 6 wherein the controller 
is configured to determine a desired engine speed based on the 
desired throttle setting and to adjust the rate limit based on a 
difference between the actual engine speed and the desired 
engine speed when the desired throttle setting is reduced 
more than a predetermined amount. 

8. The system according to claim 7 wherein the controller 
is configured such that the rate limit determined by the con 
troller is lower when the difference between the actual engine 
speed and the desired engine speed is relatively higher than 
when the difference between the actual engine speed and the 
desired engine speed is relatively lower. 

9. A machine comprising: 
a user input device for inputting a desired throttle setting 

for the machine; 
an engine; 
an engine speed sensor configured for determining an 

actual speed of the engine; 
an infinitely variable transmission having a transmission 

ratio that is adjustable; and 
a controller in communication with the user input device to 

receive information relating to the desired throttle set 
ting and the engine speed sensor to receive information 
relating to the actual engine speed, the controller being 
in communication with the infinitely variable transmis 
sion and configured to control the transmission ratio, the 
controller being configured to determine a desired 
engine speed based on the desired throttle setting and to 
determine and apply a variable rate limit upon change in 
the transmission ratio based on a difference between the 
actual engine speed and the desired engine speed when 
the desired throttle setting is reduced more than a pre 
determined amount. 

10. The machine according to claim 9 wherein the control 
ler is configured such that the rate limit determined by the 
controller is lower when the difference between the actual 
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engine speed and the desired engine speed is relatively higher 
than when the difference between the actual engine speed and 
the desired engine speed is relatively lower. 

11. The machine according to claim 9 further including at 
least one sensor configured to determine an inclination of the 
machine relative to a reference plane and wherein the con 
troller is in communication with the sensor and configured to 
adjust the rate limit based on the inclination of the machine 
when the desired throttle setting is reduced more than a pre 
determined amount. 

12. The machine according to claim 11 wherein the con 
troller is configured such that the rate limit determined by the 
controller is different when the sensor determines the 
machine is traveling down an incline as compared to the rate 
limit determined by the controller when the sensor deter 
mines the machine is traveling up an incline. 

13. The machine according to claim 12 wherein the rate 
limit determined by the controller is relatively lower when the 
sensor determines the machine is traveling down an incline 
than the rate limit determined by the controller when the 
sensor determines the machine is traveling up an incline. 

14. The machine according to claim 13 wherein the con 
troller is configured such that the rate limit determined by the 
controller varies depending upon a degree of incline deter 
mined by the sensor. 

15. A method for controlling deceleration of a machine 
having an engine and an infinitely variable transmission hav 
ing a transmission ratio, the method comprising the steps of 

determining when a desired throttle setting input by an 
operator is reduced more than a predetermined amount; 

determining a variable rate limit of change on the transmis 
sion ratio based on at least one of an inclination of the 
machine or a difference between a desired engine speed 
based on the desired throttle setting and an actual engine 
speed; and 

applying the rate limit of change to adjustment of the 
infinitely variable transmission in response to the reduc 
tion in the desired throttle setting. 

16. The method according to claim 15 wherein the rate 
limit is different when the machine is traveling down an 
incline as compared to the rate limit determined when the 
machine is traveling up an incline. 

17. The method according to claim 16 wherein the rate 
limit is relatively lower when the machine is traveling down 
an incline than the rate limit when the machine is traveling up 
an incline. 

18. The method according to claim 16 wherein the rate 
limit varies depending upon a degree of incline. 

19. The method according to claim 15 wherein the rate 
limit is lower when the difference between the actual engine 
speed and the desired engine speed is relatively higher than 
when the difference between the actual engine speed and the 
desired engine speed is relatively lower. 

20. The method according to claim 15 wherein the rate 
limit is based on both an inclination of the machine and a 
difference between a desired engine speed based on the 
desired throttle setting and an actual engine speed. 
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