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(57) Abstract: In one aspect, the present disclosure is directed to
a payload control system (22) for a machine (10) having traction
devices (16). The payload control system may have a force sensor
(26) configured to measure a force transmitted through the traction
devices. The payload control system may also have a speed sensor
(24) configured to measure a speed of the machine. The payload
control system may further have a controller (34) in communica-
tion with the force sensor and the speed sensor. The controller may
be configured to modify a weight limit of the machine based on the
measured force and the measured speed.
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Description

PAYLOAD CONTROL SYSTEM BASED ON FORCE AND SPEED

Technical Field

The present disclosure relates generally to a payload control
system and, more particularly, to a payload control system that modifies a weight

limit of a machine based on a measured force and a measured speed.

Background

A number of industries, such as the mining industry, rely on large
mobile machines (e.g., off-road haul trucks and wheel loaders) to transport cargo
loads. The loads can be very large, and the machines are often operated around
the clock. As the mobile machine travels, tires of the mobile machine generate
heat due to friction with the road surface.

One way to quantify the heat generation of a tire is by calculating
the tire’s ton-miles-per-hour (TMPH). A tire’s TMPH (or ton-kilometers-per-
hour, TKPH) may be proportional to the product of, for example, a payload of the
mobile machine and a speed of the mobile machine. High TMPH values can
indicate excessive amounts of heat generation, and excessive heat generation can
lead to accelerated wear and failure of the mobile machine’s tires. Due to the
large cost of replacing tires, it is desirable to keep the tire’s TMPH generally
below a predetermined value.

~ One approach to limiting heat generation in mobile machine tires
is disclosed in U.S. Patent No. 6,842,680 (the 680 patent) issued to Doddek et al.
on 11 January 2005. The *680 patent discloses an apparatus for controlling the
speed of a machine based on the ton-miles-per-hour of the machine. The
apparatus includes a payload monitor adapted to generate a signal related to the

weight of the machine and a speed monitor adapted to generate a signal related to
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the speed of the machine. Additionally the *680 patent discloses a vehicle

‘information system having a processor and a database for transmitting and

receiving a plurality of signals. The vehicle information system monitors the
machine speed and compares an actual ton-miles-per-hour value to a percentage
of a predetermined ton-miles-per-hour value (i.e., a ton-miles-per-hour limit). If
the actual ton-miles-per-hour value exceeds the ton-miles-per-hour limit, the
apparatus reduces the machine speed.

Although the apparatus of the *680 patent may use TMPH
calculations to reduce machine speed and thus improve tire wear, it may still be
improved. For example, in cases where the mobile machine is utilized in an
operation involving multiple machines, limiting the speed of one machine can
diminish the productivity of other machines by creating a bottleneck (e.g., when a
second machine depends on the limiting machine, and a third machine depends
on the second machine, etc.).

The disclosed machine system is directed to overcoming one or

more of the problems set forth above.

Summary

In one aspect, the present disclosure is directed to a payload
control system for a machine having traction devices. The payload control
system may include a force sensor configured to measure a force transmitted
through the traction devices. The payload control system may also include a
speed sensor configured to measure a speed of the machine. The payload control
system may further include a controller in communication with the force sensor
and the speed sensor. The controller may be configured to modify a weight limit
of the machine based on the measured force and the measured speed.

In another aspect, the present disclosure is directed to a method of
controlling a machine. The method may include measuring a speed of a machine
during a first operation. The method may also include measuring a weight of the

machine during a first operation. The method may further include adjusting a
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weight limit of the machine based on the measured speed and the measured

weight of the machine during the first operation.

Brief Description of the Drawings

Fig. 1 is a diagrammatic illustration of an exemplary disclosed
machine; V

Fig. 2 is a schematic of an exemplary control system that may be
used with the machine of Fig. 1; and

Fig. 3 is a flowchart depicting an exemplary operation of the

control system illustrated in Fig. 2.

Detailed Description

Fig. 1 illustrates an exemplary machine 10. Machine 10 may be a
mobile 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, machine 10 may be an earth moving machine,
such as an on- or off-road haul truck, a wheel loader, an excavator, a backhoe, or
any other suitable earth moving machine known in the art. Machine 10 may
include a frame 11, a haulage portion 12, an operator station 14, one or more
traction devices 16, and a power source 18.

Frame 11 may be any appropriate structure that connects and/or
couples haulage portion 12, operator station 14, traction devices 16, and power
source 18. It is contemplated that other components may additionally be
connected and/or coupled via frame 11.

Haulage portion 12 may be a structure configured to carry a
payload, such as, for example, a dump bed, a bucket, or any other appropriate
structure known in the art. Haulage portion may connect to frame 11 via one or
more linkages, pivots, and/or actuators (not shown).

Operator station 14 may be a location from which an operator may

control machine 10. Operator station 14 may include one or more operator input
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devices (not shown). Operator station 14 may also include an operator display 20
that provides information regarding the operation or performance of machine 10.

It is contemplated that operator display 20 may include one or more audio and/or

visual devices.

Traction devices 16 may embody one or more tires coupled to
frame 11 and configured to allow translational motion of machine 10. For
example, traction devices 16 may embody at least one front left tire, at least one
front right tire, at least one left rear tire, and at least one right rear tire.
Alternatively, traction devices 16 may embody tracks, belts, or other traction
devices known in the art. Any of traction devices 16 may be driven and/or
steerable.

Power source 18 may provide power for the operation of machine
10. Power source 18 may embody a combustion engine, such as a diesel engine,
a gasoline engine, a gaseous fuel powered engine (e.g., a natural gas engine), or
any other type of combustion engine known in the art. Power source 18 may
alternatively embody a non-combustion source of power, such as a fuel cell or
other power storage device coupled to a motor. Power source 18 may provide a
rotational output to drive traction devices 16, thereby propelling machine 10.

As shown in Fig. 2, machine 10 may include a control system or
payload control system 22. Control system 22 may include a speed sensor 24,
one or more force sensors 26, a remote database 32, and a controller 34.
Controller 34 may communicate with speed sensor 24, force sensors 26, operator
display 20, and remote database 32 via one or more communication lines or via
wireless devices (not shown). It is contemplated that controller 34 may also
communicate with other components of machine 10.

Speed sensor 24 may be used to determine a travel speed of
machine 10 or a rotational speed of a component of machine 10 that may be
readily converted to a travel speed. Speed sensor 24 may sense the rotational

speed of an axle (not shown), a transmission (not shown), one or more of traction
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devices 16, and/or any other suitable component of machine 10. Speed sensor 24
may embody, for example, a magnetic pick up sensor, a rotary encoder, a
tachometer, or any other type of sensor configured to produce a signal
corresponding to a machine travel speed. Speed sensor 24 may also sense the
travel speed of machine 10 relative to external standards using, for example, a
radar or a satellite based positioning device.

Force sensors 26 may be configured to measure a force acting on
or transmitted through traction devices 16. Specifically, force sensors 26 may
sense a pressure, a force, and/or a torque created by the weight of machine 10, an
output of power source 18, and/or the weight of the payload in haulage portion
12. Force sensors 26 may embody, for example, piezoelectric transducers, strain
gauges, capacitive sensors, and any other sensors known in the art. Force sensors
26 may be located at, for example, traction device struts (not shown), one or more
haulage portion linkages or hydraulic cylinders (not shown), and/or any other
proper location.

Remote database 32 may be a computing system that performs
various functions. Remote database 32 may include a memory, a secondary
storage device, a processor, and any other components for running an application.
In one embodiment, remote database 32 may be configured to save data from or
receive commands from a remote operator for controller 34.

Controller 34 may embody a single microprocessor or multiple
microprocessors. Numerous commercially available microprocessors may be
configured to perform the functions of controller 34, and it should be appreciated
that controller 34 may readily embody a general machine microprocessor capable
of monitoring and/or controlling numerous machine functions. Controller 34
may include a memory, a secondary storage device, a processor, and any other
components for running an application. Various other circuits may be associated
with controller 34, such as, for example, power supply circuitry, signal

conditioning circuitry, data acquisition circuitry, signal output circuitry, signal
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amplification circuitry, and other types of circuitry known in the art. It is also
considered that controller 34 may include one or more maps stored within an
internal memory of controller 34. Each of these maps may include a collection of
data in the form of tables, graphs, and/or equations.

Controller 34 may be configured to receive the force
measurements from force sensors 26 and the travel speed measurements from
speed sensor 24 and to calculate a quantity related to a traction device
temperature, such as, for example, a TMPH value. The TMPH value may be
proportional to the force F transmitted through traction devices 16 multiplied by
the travel speed S as illustrated below:

TMPH < F - S. (D

It is contemplated that F may be caused by the weight of machine
10, an output of power source 18, and/or the weight of the payload in haulage
portion 12. Controller 34 may adjust the TMPH calculation to account for any
load not sensed by force sensors 26 (e.g., forces created between the sensor and
ground). It is further contemplated that the TMPH value may be averaged over
an interval of time to determine an average TMPH. A single TMPH value may
be calculated for a set of traction devices 16 or alternatively a TMPH value may
be calculated for each of traction devices 16 independently (e.g., a TMPH may be
calculated for each tire).

Controller 34 may also be programmed with a limit on the
quantity related to the traction device temperature (e.g., a TMPH limit). The
TMPH limit may be set by an operation supervisor or machine technician.

When the TMPH value satisfies one or more conditions (e.g.,
when machine 10 is traveling with a load and the TMPH is greater than the
TMPH limit), controller 34 may take action to modify the TMPH value such that
the condition is no longer satisfied. Controller 34 may take action by, for
example, limiting the weight that machine 10 may carry via a controller imposed

weight limit. It is contemplated that controller 34 may enforce the weight limit
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when machine 10 is being reloaded during a subsequent or future loading cycle,
thus allowing machine 10 to travel at higher travel speeds during the subsequent
or future loading cycle without exceeding the TMPH limit. The weight limit may
be exptessed in terms of the total weight of machine 10 plus the weight of the

payload, the weight of the payload alone, or in any other appropriate manner.

Industrial Applicability

The disclosed control system may be applicable to any machine
where reduction of traction device wear is desired. The disclosed control system
may reduce traction device wear while still allowing high machine travel speeds.
The operation of control system 22 will now be described.

In an exemplary operation, a loading machine may place a load of
material into haulage portion 12 of machine 10 while machine 10 is at a first
location. Machine 10 may then transport the material (i.e., payload) along a route
to a second location, unload the material at the second location, and then return to
the first location to receive another load of material.

Referring to Fig. 3, controller 34 may begin by determining if
machine 10 is being loaded with material (step 100). Controller 34 may
determine that machine 10 is being loaded by communicating with the machine
sensors (i.e., speed sensor 24 and force sensor 26) and determining if one or more
loading conditions are satisfied. The loading conditions may include, for
example, whether a weight of a payload in haulage portion 12 is increasing
(determined via force sensors 26), whether machine 10 is stopped (determined
via speed sensor 24), whether an operator has indicated loading (determined via a
signal from the an operator input device or remote database 32), and/or whether
any other appropriate condition is satisfied.

. Itis contemplated that an original weight limit may be set for
machine 10 in controller 34. The original weight limit may be set prior to step
100 and may be determined via, for example, traction device manufacturer

information and/or a TMPH study. While machine 10 is loading (i.e., being
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loaded), controller 34 may communicate with force sensors 26 to determine if a
current weight is approaching (e.g., within a certain percentage of) or has
exceeded the weight limit imposed by controller 34 (step 110). The current
weight may include the weight of machine 10 and/or the weight of the payload.
If the current weight is not approaching or has not exceeded the weight limit,
controller 34 may return to step 100. If the current weight is approaching or has
exceeded the weight limit, controller 34 may request a loading stop (step 120).
To command a stop to the loading process, controller 34 may communicate with
the loading machine (in cases where a loading machine is used), an operator of
the loading machine, and/or an operator of machine 10. Controller 34 may
command a stop to the loading process by sending a warning message (i.e.,
notification) via operator display 20 (or another appropriate device) indicating
that the current weight is approaching or has exceeded the weight limit and
loading should be discontinued. Operator display 20 may use both visual and
auditory means to convey the warning message.

When controller 34 determines that loading has stopped (e.g., the
one or more loading conditions is no longer satisfied), controller may determine
if machine 10 is traveling or transporting the payload (step 130) by
communicating with the machine sensors and determining if one or more
traveling conditions is satisfied. The traveling conditions may include, for
example, whether machine 10 is experiencing vibratory forces (determined via
force sensors 26), whether machine 10 is moving (determined via speed sensor
24), and/or whether an operator has indicated traveling (determined via signal
from the operator input device or remote database 32). It is contemplated that
controller 34 may alternatively or additionally use other appropriate conditions to
determine if machine 10 is traveling or loading, such as, for example,
transmission gear ratio, power source rpm, and cycle time.

If controller 34 determines that machine 10 is not traveling,

controller 34 may return to step 100. If controller 34 determines that machine 10
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is traveling, controller 34 may then determine the TMPH value related to traction
devices 16 (step 140). To calculate TMPH, controller 34 may use data received
from force sensors 26 and speed sensor 24 to determine F and S. Controller may
then multiply F and S to determine a TMPH value (see Equation (1)). It is
contemplated that the TMPH value may be calculated using force and speed
sensor data received over a selectable period of time (e.g., 2, 4, or 8 hours). After
calculation, the TMPH value may be stored in the memory of controller 34 and/or
remote database 32.

Controller 34 may determine if the TMPH value is greater than a
TMPH limit (step 150). If the TMPH value is greater than the TMPH limit,
controller 34 may decrease the weight limit (step 160). Controller 34 may
decrease the weight limit proportional to the degree that the TMPH value exceeds
the TMPH limit. For example, if the TMPH value exceeds the TMPH limit by
30%, the weight limit may be decreased by 30%. It is contemplated that the
operation supervisor or machine technician may set the TMPH limit based on
traction device manufacturer information and/or information from a TMPH
study. It is further contemplated that controller 34 may send a warning message
via operator display 20 when the TMPH value exceeds the TMPH limit.

For example, machine 10 may travel along a straightaway or
downgrade that causes machine 10 to increase its travel speed. This increase in
travel speed may cause the TMPH value (which may be averaged over a period of
several hours) to exceed the TMPH limit. To prevent decreases in productivity,
the operator may choose to continue to exceed the TMPH limit rather than
decrease the machine travel speed. Controller 34 may react by decreasing the
weight limit sufficiently such that the TMPH value is unlikely to exceed the
TMPH limit if machine 10 experiences similar conditions during a subsequent
cycle (e.g., the operator continues to exceed the TMPH limit during the next

cycle to improve productivity).
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Alternatively, if the TMPH value is less than the TMPH limit,
controller 34 may increase the weight limit (step 170). Controller 34 may
increase the weight limit proportional to the degree that the TMPH value is below
the TMPH limit. It is contemplated that controller 34 may increase the weight
limit up to but not above the original weight limit set in controller 34,

Controller 34 may also reset or stop (step 180). Controller 34 may
reset upon, for example, operation supervisor or machine technician request.
Alternatively, controller 34 may return to step 100.

Several advantages of the disclosed control system may be
realized. In particular, the disclosed control system may reduce traction device
wear while still allowing high machine travel speeds. Allowing high travel
speeds may prevent bottlenecks in operations where multiple machines operate in
a series-type operation (i.e., where the operation speed of one machine is
dependent on the operation speed of another machine).

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed control system without
departing from the scope of the disclosure. Other embodiments of the control
system will be apparent to those skilled in the art from consideration of the
specification and practice of the control system disclosed herein. It is intended
that the specification and examples be considered as exemplary only, with a true

scope being indicated by the following claims.
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Claims

1. A payload control system (22) for a machine (10) having
traction devices (16), comprising:

a force sensor (26) configured to measure a force transmitted
through the traction devices;

a speed sensor (24) configured to measure a speed of the machine;
and

a controller (34) in communication with the force sensor and the
speed sensor, the controller being configured to modify a weight limit of the

machine based on the measured force and the measured speed.

2. The payload control system of claim 1, wherein the
controller is configured to use the measured force and the measured speed to
calculate a quantity related to a traction device temperature, and the controller is

conﬁgufed to decrease the weight limit if the quantity is above a quantity limit.

3. The payload control system of claim 2, wherein the
controller is configured to send a notification via an operator display (20) when

the quantity has exceeded the quantity limit.

4. The payload control system of claim 3, wherein the
controller is configured to use information from the force sensor and the speed
sensor to determine when the machine is traveling, and the controller is

configured to modify the weight limit only when the machine is traveling.

5. A method of controlling a machine (10), comprising;:
measuring a speed of the machine during a first operation;

measuring a weight of the machine during the first operation; and
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adjusting a weight limit of the machine based on the measured

speed and the measured weight of the machine during the first operation.

6. The method of claim 5, further including calculating a
5  quantity related to a traction device temperature using the measured speed and the

measured weight.

7. The method of claim 6, further including notifying an

operator when a current weight has exceeded the weight limit.

10
8. The method of claim 7, wherein notifying occurs only
when at least one of the measured speed and the measured weight indicates that
the machine is being loaded.

15 9. The method of claim 8, wherein the adjusted weight limit
is only applied to the machine when the machine is being loaded during a second
operation.

10. A machine (10), comprising:
20 a haulage portion (12) configured to carry a load;

a frame (11) connected to the haulage portion;
at least one traction device (16) connected to the frame; and

the payload control system (22) as in any one of claims 1-4.
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