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(54) ELECTRONIC ENGINE SPEED 57 ABSTRACT
CONTROLLER
(76) Inventors: Michael A. Calamari, Raleigh, NC An electronic engine speed control system is used on a work
(US); Paul D. Fuller, Leicestershire machine utilizing an engine with a governor control mov-
(GB); Bhikhubhai S. Mistry, Leicester able between a plurality of positions. The governor control
(GB); Dante T. Thomas, Raleigh, NC is operated by an operator so that a desired engine speed may
(US); J. Roger Watson, Leicester (GB) be selected for driving a plurality of wheels through a
transmission. The transmission is specifically controlled to
Correspondence Address: obtain a desired ground speed independent of the selected
CATERPILLAR INC. engine speed. The engine speed control system includes an
100 N.E. ADAMS STREET electronic control module. An operator switch is connected
gﬁg}%ﬁ II)IILZI;’; 206490 to the control module and is movable to a set position which
4 sends an input signal with a desired engine speed value
. corresponding to a selected engine speed to the control
(21)  Appl. No: 09/815,920 module. An engine sensor is connectable between the engine
(22) Filed: Mar. 23. 2001 and the control module for sensing the speed of the engine
’ T and sending an input signal with an actual engine speed
Related U.S. Application Data value to the control module. An actuator is connected
between the control module and the governor control and
(62) Division of application No. 09/385,816, filed on Aug. responsive to a control signal from the control module for
30, 1999. moving the governor control to any one of the plurality of
positions. The control signal is delivered to the actuator as
Publication Classification a function of the desired and actual values so that the engine
speed is electronically set and maintained at the selected
(51) Int. CL7 ..o, B60K 31/00; B60OK 31/04 engine speed independent from the ground speed of the
(52) US. Cl s 180/179; 180/170 work machine.
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ELECTRONIC ENGINE SPEED CONTROLLER

Technical Field

[0001] This invention relates generally to electronically
controlling engine speed for a work machine and more
particularly to the ability to electronically set and maintain
the engine speed independent from the ground speed of the
work machine so that various implements may be operated
without continuous operator control of the engine speed.

[0002] Background Art

[0003] Present work machines, such as wheel loaders, may
utilize a hydrostatic transmission to assist in controlling
ground speed. Typically, a plurality of variable displacement
motors that drive the wheels of the work machine are
displaced by a pressure signal within a signal line that is
generated from a fixed displacement pump linked directly
with an engine. Therefore, the ground speed is engine speed
dependent so that as the engine speed increases the signal
pressure increases to further displace the motor, increasing
the ground speed. However, a “ball valve” is located in the
signal line that can be opened to bleed off a volume of
hydraulic fluid from the signal line to a tank, which subse-
quently reduces the signal pressure controlling the motor,
slowing or even stopping the machine. Generally, this is
referred to as the neutralization of the hydrostatic transmis-
sion so that the ground speed of the work machine is
controlled substantially independent of the engine speed,
allowing for increased power availability to the implement.
However, during neutralization of the hydrostatic transmis-
sion, it is important to reach an engine speed that is high
enough to operate an implement and maintain that engine
speed throughout various loading conditions. Generally, this
requires that an operator must continuously monitor and
compensate for changes in the engine speed during opera-
tion of the implement, such as through the manual control of
a governor pedal.

[0004] An approach for simultaneously controlling ground
and engine speeds is disclosed in U.S. Pat. No. 4,157,124
issued to Bernard B. Poore on Jun. 5, 1979. This patent
utilizes a vehicular gas turbine engine power system with an
engine, an automatic clutch, a service clutch and an infi-
nitely variable transmission coupled along a power train. A
control system is utilized to control and vary the engine
speed for maximum fuel efficiency in response to operator
selected ground and engine speed commands. The engine
speed is controlled substantially through exhaust gas tem-
perature and engine speed feedback, reducing the ground
speed, if necessary, to obtain the desired engine speed. The
control system disclosed utilizes an advanced system for
engine and ground speed control that functions with an
infinitely variable transmission. The use of the disclosed
control system would not be feasible on a work machine
utilizing a hydrostatic transmission because of the need to
control the engine speed independently from the ground
speed. Preferably, the ability to control the engine speed
independently from the ground speed control would utilize
a separate electronic engine speed controller. Therefore, the
engine could be set at any desired speed independent of the
ground speed to efficiently drive a hydraulic implement
pump for operating the implement and maintain the desired
speed substantially throughout the implement operation.
This ability would ensure efficient use of the engine,
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increase operator flexibility and control, and minimize
operator fatigue. The engine speed controller should be
relatively simple and inexpensive so that it may be easily
added to an existing work machine already utilizing the
hydrostatic transmission for controlling ground speed.

[0005] The present invention is directed to overcoming the
problems as set forth above.

Disclosure of the Invention

[0006] Inone aspect of the present invention, an electronic
engine speed control system is disclosed for a work
machine. The work machine has an engine with a governor
control that is movable between a plurality of positions so
that a desired engine speed may be selected and utilized for
driving a plurality of wheels through a hydrostatic transmis-
sion. The hydrostatic transmission is capable of controlling
the plurality of wheels to obtain a desired ground speed of
the work machine independent of the selected engine speed.
The electronic engine speed control system comprises an
electronic control module. An operator switch is connected
to the control module and is movable to a set position which
sends an input signal with a desired engine speed value to
the control module. An engine sensor is connectable
between the engine and the control module for sensing the
speed of the engine and sending an input signal with an
actual engine speed value to the control module. An actuator
is connectable between the control module and the governor
control and responsive to a control signal from the control
module for moving the governor control to any one of the
plurality of positions. The control signal is delivered to the
actuator as a function of the desired and actual values so that
the engine speed is electronically set and maintained at the
desired value. Means are used for disrupting the control
signal so that the engine speed is no longer electronically set
and maintained at the desired value.

[0007] In another aspect of the present invention, a work
machine comprises an engine, a plurality of wheels, a source
of hydraulic fluid, a hydrostatic transmission, and an elec-
tronic engine speed control system. The hydrostatic trans-
mission includes a hydraulic pump connected with the
engine, a motor, a pressure signal line connected between
the pump and the motor for transferring hydraulic fluid at
various flows therebetween so that the motor drives the
plurality of wheels at various speeds responsive to the flow
of the hydraulic fluid, and a valve disposed within the signal
line and movable from a closed position to a plurality of
open positions for selectively neutralizing the hydraulic fluid
flow to control the ground speed of the work machine
independent from the engine speed. The electronic engine
speed control system is operatively associated with and
located remotely from the hydrostatic transmission for set-
ting and maintaining the engine at any desired speed during
neutralization of the hydrostatic transmission.

[0008] In yet another aspect of the present invention, an
electronic engine speed control system is disclosed for a
work machine. The work machine utilizes an engine with a
governor control movable between a plurality of positions so
that a desired engine speed may be selected and utilized for
driving a plurality of wheels through a transmission. The
transmission is controllable to obtain a desired ground speed
independent of the selected engine speed. The electronic
engine speed control system comprises an electronic control



US 2001/0010276 Al

module. An operator switch is connected to the control
module and is movable to a set position which sends an input
signal with a desired engine speed value to the control
module. An engine sensor is connectable between the engine
and the control module for sensing the speed of the engine
and sending an input signal with an actual engine speed
value to the control module. An actuator is connectable
between the control module and the governor control and
responsive to a control signal from the control module for
moving the governor control to any one of the plurality of
positions. The control signal is delivered to the actuator as
a function of the desired and actual values so that the engine
speed is electronically set and maintained at the desired
value. Means are used for disrupting the input signal
between the operator switch and the control module so that
the engine speed is no longer electronically set and main-
tained at the desired value.

[0009] In yet another aspect of the present invention, a
method of setting and maintaining an engine speed for a
work machine independent from the ground speed of the
work machine is disclosed. The method comprises the steps
of providing an engine with a governor control movable to
a plurality of positions for controlling the engine speed.
Then, selecting the engine speed by moving the governor
control to one of the plurality of positions. Next, providing
a transmission connected with the engine for driving a
plurality of wheels at a desired ground speed corresponding
to the engine speed. Then, selecting the ground speed
independent from the engine speed by specifically control-
ling the transmission. Finally, electronically setting and
maintaining the engine at a desired speed during the specific
control of the transmission.

[0010] The present invention has the ability to set and
maintain a desired engine speed independently from the
ground speed of the work machine for increased implement
operating capability. This ability eliminates the need for
continuous and direct operation of a governor control pedal
by an operator so that operator flexibility and control are
enhanced and operator fatigue is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagrammatic side view of a work
machine embodying the present invention;

[0012] FIG. 2 is a schematic embodying the present
invention in association with a hydrostatic transmission;

[0013] FIG. 3 is a hydraulic schematic representing the
hydrostatic transmission, the hydrostatic transmission being
shown separately from the present invention; and

[0014] FIG. 4 is a pictorial schematic representing the
present invention, the present invention being shown sepa-
rately from the hydrostatic transmission.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0015] While the invention is susceptible to various modi-
fications and alternative forms, a specific embodiment
thereof has been shown by way of example in the drawings
and will herein be described in detail. It should be under-
stood, however, that there is no intent to limit the invention
to the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
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alternatives falling within the spirit and scope of the inven-
tion as defined by the appended claims.

[0016] Referring to the drawings, it can be seen that a
electronic engine speed control system 10 is schematically
illustrated for setting and maintaining the engine speed of a
work machine 15, such as a wheel loader/integrated tool
carrier, independent from the ground speed to increase the
power availability to control an implement 20, such as a
rotary broom. The work machine 15, shown in FIG. 1,
includes a frame 25 for supporting a plurality of wheels 30.
An engine 35 is connected to the frame 25 of the work
machine 15 in a well-known manner. A governor control
pedal 40 is connected to the frame 25 and located within an
interior portion 45 of the work machine 15 in a well-known
manner for connection with a governor control 50 on the
engine 35. The governor control 50 can be moved to a
plurality of positions to control the speed of the engine 35.
A brake control pedal 55 is connected to the frame 25 and
located within the interior portion 45 of the work machine 15
in a well-known manner for connection with the plurality of
wheels 30. The brake control pedal 55 is movable between
an operating and non-operating position. A brake switch 60
is disposed within the brake control pedal 55 for sensing the
operating position of the brake control pedal 55. A hydraulic
reservoir tank 65 is connected in a well-known manner to the
frame 25 to supply a source of hydraulic fluid for operating
the work machine 15.

[0017] A hydrostatic transmission 75 is operatively asso-
ciated with the engine 35 for driving the plurality of wheels
30 in either a forward or reverse direction through a drive
motor 80. The hydrostatic transmission 75 includes a
hydraulic charge pump 85 connected to the engine 35 in a
well-known manner. A drive pressure signal line 90 hydrau-
lically connects the charge pump 85 to the drive motor 80
through a drive pump 95. A speed sensing valve 100,
movable between a closed position and a plurality of open
positions, is connected to the charge pump 85 and disposed
within the signal line 90. A directional control valve 105 is
disposed within the signal line 90 and connected between
the speed sensing valve 100 and the drive pump 95. The
control valve 105 is movable between an open and closed
position for controlling hydraulic flow to the drive pump 95
to direct the drive motor 80 in either the forward or reverse
direction. A creeper valve 110 is disposed within the signal
line 90 and connected between the drive pump 95 and the
tank 65. The creeper valve 110 is movable from a closed
position to a plurality of open positions.

[0018] The electronic engine speed control system 10 is
operatively associated with and located from the hydrostatic
transmission 75. The engine speed control system 10
includes an electronic control module 125 of a well-known
design. An operator switch 130 is connected on the frame 25
and located in the interior portion 45 of the work machine
15. The operator switch 130 is a conventional three-position
switch movable between on, off, and set positions. The
operator switch 130 is connected to the control module 125.
An engine sensor 135 is connected between the engine 35
and the control module 125. An electronic actuator 140 is
connected between the governor control 50 and the control
module 125. An actuator arm 145 of the actuator 140 is
connected via a mechanical linkage 150 to the governor
control 50.
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[0019]

[0020] TInitially, the governor control pedal 40 is manually
moved by an operator (not shown) to a desired position for
selecting the speed of the engine 35. The speed of the engine
35 runs the charge pump 85 which provides a source for the
signal pressure within the signal line 90. Signal pressure will
vary with engine speed and is directed via the control valve
105 to control hydraulic fluid from the drive pump 95. The
drive pump 95 controls the drive motor 80 for moving the
plurality of wheels 30 of the work machine 15 at a ground
speed dependent on the selected speed of the engine 35. At
this time, however, the operator (not shown) may desire to
operate the implement 20 which may require greater engine
speed than that selected. In order to increase the engine
speed without changing the ground speed, the operator (not
shown) utilizes the creeper valve 110 to select a desired
ground speed. Upon selection, the creeper valve 110 opens
and a predetermined portion of the pressure within the signal
line 90 is directed to the tank 65. The open position of the
creeper valve 110 reduces or neutralizes the flow of hydrau-
lic fluid to the control valve 105, and, hence, the drive motor
80, to reduce the ground speed of the work machine 15
accordingly. Therefore, the operator (not shown) may con-
tinue to manually move the governor control pedal 40 to
select the desired engine speed, independently from the
ground speed of the work machine 15, to effectively operate
the implement 20. This function is normally referred to as
the neutralization of the hydrostatic transmission 75 and is
a well-known transmission design feature.

Industrial Applicability

[0021] The operator (not shown) may prefer to set and
maintain the engine speed without continuous manual opera-
tion of the governor control pedal 40 during the neutraliza-
tion of the hydrostatic transmission 75. This methodology
may be accomplished with the electronic engine speed
control system 10. It should be understood that although a
hydrostatic transmission 75 is shown and described for
association with the electronic engine speed control system
10, any transmission that allows the ground speed of the
work machine 15 to be established independently from the
engine speed may fall within the spirit and scope of the
present invention. It should also be understood that the
electronic engine speed control system 10 may be initially
included on the work machine 15 with the hydrostatic
transmission 75 or later incorporated into an existing work
machine 15 already utilizing the hydrostatic transmission
75.

[0022] First, the operator (not shown) moves the operator
switch 130 to the on position. When the desired engine speed
is reached through manual operation of the governor control
pedal 40, the operator (not shown) then moves the operator
switch 130 to the set position. The set position of the
operator switch 130 sends an input signal with a desired
engine speed value corresponding to the instantaneous
engine speed produced by the position of the governor
control pedal 40 to the control module 125. Simultaneously,
the engine speed sensor 135 senses the engine speed and
sends an input signal with an actual engine speed value to
the control module 125. The control module 125 receives the
input signals from the operator switch 130 and the engine
speed sensor 135 for translation and outputs a control signal
as a function of the desire and actual engine speed values.
The actuator 140 receives the control signal for translation
and, responsively, moves the actuator arm 145 to a corre-
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sponding position. The position of the actuator arm 145
applies a force to the linkage 150 and moves the governor
control 50 to one of the plurality of positions. The function
of the control module 125 is to correct any differences
between the desired and actual engine speed values so that
the governor control 50 maintains the desired engine speed
set by the operator (not shown) throughout operation of the
implement 20. It should be understood that it is desirable for
the control module 125 design to translate the desired and
actual engine speed values into a control signal that allows
the engine speed to incrementally increase over a set period
of time. This feature of the control module 125 enhances
control aspects of the electronic engine speed control system
10. The utilization of the electronic engine speed control
system 10 for setting and maintaining the engine speed
independently from the ground speed eliminates the neces-
sity of the operator (not shown) to manually operate the
governor control pedal 40. Therefore, operator flexibility
and control are enhanced while operator fatigue is reduced.

[0023] When the operator (not shown) no longer desires to
have the engine speed set and maintained through the
electronic engine speed control system 10, a means is used
for disrupting the control signal. This can be accomplished
by the operator (not shown) moving the operator switch 130
to the off position, thereby, eliminating the input signal to the
control module 125. Additionally, the operator (not shown)
may move the brake control pedal 55 to the operating
position so that the brake switch 60 will send an input signal
to the control module 125 for disrupting the control signal.
These features allow for a simple and convenient method of
disrupting the control signal and reinstating manual opera-
tion of the governor control pedal 40 to the operator (not
shown).

[0024] Other aspects, objects and advantages of this
invention can be obtained from a study of the drawings,
disclosure and the appended claims.

1. An electronic engine speed control system for a work
machine utilizing an engine with a governor control mov-
able between a plurality of positions so that a desired engine
speed may be selected and utilized for driving a plurality of
wheels through a hydrostatic transmission, the hydrostatic
transmission capable of controlling the plurality of wheels to
obtain a desired ground speed of the work machine inde-
pendent of the selected engine speed; comprising:

an electronic control module;

an operator switch connected to the control module and
movable to a set position which sends an input signal
with a desired engine speed value to the control mod-
ule;

an engine sensor connectable between the engine and the
control module for sensing the speed of the engine and
sending an input signal with an actual engine speed
value to the control module;

an actuator connectable between the control module and
the governor control and responsive to a control signal
from the control module for moving the governor
control to any one of the plurality of positions, the
control signal being delivered to the actuator as a
function of the desired and actual values so that the
engine speed is electronically set and maintained at the
desired value; and
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means for disrupting the control signal so that the engine
speed is no longer electronically set and maintained at
the desired value.

2. The electronic engine speed control system of claim 1,
wherein the means for disrupting the control signal includes
disrupting the input signal between the operator switch and
the control module.

3. The electronic engine speed control system of claim 1,
includes a brake pedal operable with the plurality of wheels
of the work machine and having a brake switch located
therein in connection with the control module, wherein the
means for disrupting the control signal includes the brake
switch sending a disrupt signal to the control module.

4. The electronic engine speed control system of claim 1,
wherein the engine speed is electronically set by the control
module to the desired value through incremental increases in
the engine speed over a predetermined period of time.

5. The electronic engine speed control system of claim 1,
wherein the actuator includes an actuator arm and a
mechanical link is connectable between the actuator arm and
the governor control, the actuator being responsive to the
control signal to move the actuator arm to a predefined
position so that in cooperation with the mechanical link the
governor control is moved to any one of the plurality of
positions.

6. A work machine, comprising:

an engine;
a plurality of wheels;
a source of hydraulic fluid;

a hydrostatic transmission including a hydraulic pump
connected with the engine, a motor, a pressure signal
line connected between the pump and the motor for
transferring hydraulic fluid at various flows therebe-
tween so that the motor drives the plurality of wheels
at various speeds responsive to the flow of the hydrau-
lic fluid, and a valve disposed within the signal line and
movable from a closed position to a plurality of open
positions for selectively neutralizing the hydraulic fluid
flow to control the ground speed of the work machine
independent from the engine speed; and

an electronic engine speed control system operatively
associated with and located remotely from the hydro-
static transmission for setting and maintaining the
engine at any desired speed during neutralization of the
hydrostatic transmission.

7. The work machine of claim 6, including a means for
disrupting the engine speed control system so that desired
speed is no longer electronically set and maintained.

8. The work machine of claim 6, wherein the engine speed
is electronically set to the desired speed incrementally over
a predetermined period of time.

9. The work machine of claim 6, wherein the electronic
engine speed control system includes an electronic control
module, an operator switch connected to the control module
and movable to a set position which sends an input signal
with a desired engine speed value to the control module, an
engine sensor connectable between the engine and the
control module for sensing the speed of the engine and
sending an input signal with an actual engine speed value to
the control module, an actuator connectable between the
control module and the governor control and responsive to
a control signal from the control module for moving the
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governor control to any one of the plurality of positions, the
control signal being delivered to the actuator as a function of
the desired and actual values so that the engine speed is
electronically set and maintained at the desired speed, and
means for disrupting the control signal so that the engine
speed is no longer electronically set and maintained at the
desired speed.

10. The work machine of claim 9, wherein the means for
disrupting the control signal includes disrupting the input
signal between the operator switch and the control module.

11. The work machine of claim 9, including a brake pedal
operable with the plurality of wheels of the work machine
and having a brake switch located therein in connection with
the control module, wherein the means for disrupting the
control signal includes the brake switch sending a disrupt
signal to the control module.

12. The work machine of claim 9, wherein the engine
speed is electronically set by the control module to the
desired engine speed value through incremental increases in
the engine speed over a predetermined period of time.

13. The work machine of claim 9, wherein the actuator
includes an actuator arm and a mechanical link is connect-
able between the actuator arm and the governor control, the
actuator being responsive to the control signal to move the
actuator arm to a predefined position so that in cooperation
with the mechanical link the governor control is moved to
any one of the plurality of positions.

14. An electronic engine speed control system for a work
machine utilizing an engine with a governor control mov-
able between a plurality of positions so that a desired engine
speed may be selected and utilized for driving a plurality of
wheels through a transmission, the transmission being con-
trollable to obtain a desired ground speed independent of the
selected engine speed, comprising:

an electronic control module;

an operator switch connected to the control module and
movable to a set position which sends an input signal
with a desired engine speed value to the control mod-
ule;

an engine sensor connectable between the engine and the
control module for sensing the speed of the engine and
sending an input signal with an actual engine speed
value to the control module;

an actuator connectable between the control module and
the governor control and responsive to a control signal
from the control module for moving the governor
control to any one of the plurality of positions, the
control signal being delivered to the actuator as a
function of the desired and actual values so that the
engine speed is electronically set and maintained at the
desired speed; and

means for disrupting the input signal between the operator
switch and the control module so that the engine speed
is no longer electronically set and maintained at the
desired speed.

15. The electronic speed control system of claim 14,
wherein the engine speed is electronically set by the control
module to the desired value through incremental increases in
the engine speed over a predetermined period of time.

16. A method of setting and maintaining an engine speed
for a work machine independent from the ground speed of
the work machine, comprising the steps of:
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providing an engine with a governor control movable to
a plurality of positions for controlling the engine speed;

selecting the engine speed by moving the governor con-
trol to one of the plurality of positions;

providing a transmission connected with the engine for
driving a plurality of wheels at a desired ground speed
corresponding to the engine speed;

selecting the ground speed independent from the engine
speed by specifically controlling the transmission; and

electronically setting and maintaining the engine at a
desired speed during the specific control of the trans-
mission.

17. The method of setting and maintaining the engine

speed for a work machine of claim 16, including the step of:

disrupting the engine speed so that desired speed is no
longer electronically set and maintained.

18. The method of setting and maintaining the engine

speed for a work machine of claim 16, including the step of:

setting the desired engine speed by changing the speed
incrementally over a predetermined period of time.
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19. The method of setting and maintaining the engine
speed for a work machine of claim 16, wherein the step of
electronically setting and maintaining the engine at a desired
speed includes the steps of:

inputting a signal with a desired engine speed value from
an operator switch to a control module;

inputting a signal with an actual engine speed value from
an engine sensor connected with the engine for sensing
the speed of the engine to the control module; and

outputting a control signal as a function of the desired and
actual values from the control module to an actuator for
moving the governor control to any one of the plurality

of positions.
20. The method of setting and maintaining the engine
speed for a work machine of claim 19, including the step of:

disrupting the control signal so that the engine speed is no
longer electronically set and maintained at the desired
speed.



