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Abstract of the Disclosure
A differential lock control system for controlling a differential lock of a work

vehicle is adapted to determine if the work vehicle is oriented to travel in a generally
straight direction, and, if the work vehicle is so oriented, automatically command

activation of the differential lock. An associated method is disclosed.
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DIFFERENTIAL LOCK CONTROL SYSTEM AND ASSOCIATED METHOD

Field of the Disclosure
[0001] The present disclosure relates to apparatus and methods for control of a

differential lock.

Background of the Disclosure
[0002] A differential may be used on a work vehicle to transmit power to ground-

engaging wheels of the work vehicle while allowing the wheels to rotate at different
speeds. A differential lock may be associated with the differential such that, when
activated, the differential lock disallows the wheels to rotate at different speeds. This

is helpful in order to prevent spinning of, for example, one of the wheels due to

traction loss.

summary of the Disclosure
[0003] According to the present disclosure, there is provided a differential lock

control system for controlling a differential lock of a work vehicle. The differential
lock control system is adapted to determine if the work vehicle is oriented to travel in
a generally straight direction, and, if the work vehicle is so oriented, automatically
command activation of the differential lock. An associated method is disclosed.
[0004] The differential lock control system comprises a sensor unit and a
controller. The controller is adapted to receive at least one turn angle signal from the
sensor unit, determine if the work vehicle is oriented to travel in a generally straight
direction based on the at least one turn angle signal, and, if the work vehicle is so
oriented, automatically command activation of the differential lock.

[0005] Exemplarily, the sensor unit comprises an articulation angle sensor and a
steering angle sensor. The articulation angle sensor is for sensing an articulation
angle between articulated front and rear sections of the work vehicle. The steering
angle sensor is for sensing a steering angle of a ground-engaging traction element of
the work vehicle (e.g., wheel or track). The controller is adapted to receive from the
articulation angle sensor an articulation angle signal representative of the articulation
angle and from the steering angle sensor a steering angle signal representative of
the steering angle and determine a turn angle of the work vehicle based on the
articulation angle signal and the steering angle signal. The controller may determine
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the turn angle by summing the articulation angle and the steering angle. The
controller may determine if the work vehicle is oriented to travel in a generally
straight direction by determining if the turn angle is within a tolerance about the zero
turn angle (e.g., 0° +/- §9).

[0006] If the work vehicle is oriented to travel in a generally straight direction, the
controller outputs a control signal automatically commanding activation of the
differential lock. If the controller determines that the work vehicle is oriented to turn
(rather than travel in a generally straight direction), the controller automatically
commands de-activation of the differential lock.

[0007] The above and other features will become apparent from the following

description and the attached drawings.

Brief Description of the Drawings
[0008] The detailed description of the drawings refers to the accompanying figures

In which:

[0009] FIG. 1is a top schematic view of a work vehicle in the form of, for example,
a motor grader;

[0010] FIG. 2 is a schematic block diagram showing a differential lock control
system for controlling operation of a differential lock of the work vehicle of FIG. 1:
and

[0011] FIG. 3 is a flow chart illustrating a control routine for automatically controlling

a differential lock by use of the differential lock control system of FIG. 2.

Detailed Description of the Drawings
[0012] Referring to FIGS. 1 and 2, there is shown a work vehicle 10 configured, for

example, as a motor grader. The vehicle 10 includes a differential 12, a differential
lock 14, and a differential lock control system 16, as shown best, for example, in FIG.
2. The differential lock control system 16 is adapted to determine if the work vehicle
10 is oriented to travel in a generally straight direction 18 (FIG. 1), and, if the work
vehicle 10 is so oriented, automatically command activation of the differential lock 14
to lock the differential 12. Such locking of the differential 12 prevents relative

rotation between ground-engaging traction elements 20a and 20b on opposite sides
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of the vehicle 10, thereby reducing traction element slippage in the event of traction
loss by traction element(s) on the opposite side, at a time when the traction elements
20a, 20b generally do not need to be able to rotate at different speeds, i.e., when the
vehicle 10 is traveling in a generally straight direction. In the case of a motor grader
(FIG. 1), such locking prevents relative rotation between the left rear traction
elements 20a of the left tandem and the right rear traction elements 20b of the right
tandems.

[0013] Referring now primarily to FIG. 1, the illustrative work vehicle 10 has a rear
section 22 and a front section 24 articulated to the rear section 22 for rotation about
a generally vertical articulation axis (perpendicular to the sheet of FIG. 1) defined by
an articulation joint 26. Two hydraulic cylinders 28 may be attached to the sections
22 and 24 so as to extend therebetween on either side of the joint 26 for rotation of
the front section 24 relative to the rear section 22 about the articulation axis. As
such, a longitudinal axis F of the front section 24 and a longitudinal axis R of the rear
frame cooperate to define an articulation angle (a) therebetween. According to an
exemplary sign convention, the front section 24 may be articulated to the right
relative to the rear section 22 to assume a positive articulation angle (e.g., +a) and
the front section 24 may be articulated to the left relative to the rear section 22 to
assume a negative articulation angle (e.g., -a).

[0014] In the particular non-limiting example in which the vehicle 10 is configured
as a motor grader, the rear section 22 includes components of the rear power train.
In particular, an engine (not shown) of the vehicle 10 is housed in an engine
compartment 30. Further, in this particular non-limiting example, the differential 12
and differential lock 14 provided therefor are also part of the rear section 22. The
front section 24 includes an operator’s station 32 mounted on a frame 34. A blade
36 (commonly referred to as a moldboard) is provided in the front section 24 for
sculpting the ground. The blade 36 is attached to a gear or circle 38 for rotation
about a generally vertical axis defined by the circle 38.

[0015] lllustratively, two steerable ground-engaging front traction elements 20c
support the front section 24 on either side of the front frame 34. The traction
elements 20c can be steered by use of the steering system of the vehicle 10. Such
steering of the traction elements 20c adjusts the steering angle B of each traction
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element 20c. The steering angle {8 is defined between a traction element direction line T
and a line A'. The traction element direction line T points in the same direction as the
traction element 20c. The line A’ is perpendicular to a rotation axis A of the respective
traction element 20c, the rotation axis being defined by a respective axle 40. As such,
according to the exemplary sign convention, each traction element 20c may be steered
to the right to assume a positive steering angle (e.g., + B) and to the left to assume a
negative steering angle (e.g., - B).

[0016] Referring to FIG. 2, the differential lock control system 16 exemplarily has a
mode selector control 42. The control 42 may be located at the operator’s station 32 for
access thereto by the vehicle operator. The control 42 may be selectively switched by
the operator between a manual mode and an automatic mode. A controller 44 in the
form of, for example, one or more electronic controllers, reads a mode selection signal
from the mode selector control 42 and determines from this input signal which mode has
been selected.

[0017] In the manual mode, the controller 44 is responsive to inputs from a manual
mode controi 46. The manual mode control 46 is located, for example, at the operator’s
station 32 for actuation by the operator to selectively activate and de-activate the
differential lock 14.

[0018] In the automatic mode, the controller 44 is responsive to inputs from a sensor
unit 48, rather than the manual mode control. As such, the controller 44 is adapted to
receive at least one turn angle signal from the sensor unit 48, determine if the work
vehicle 10 1s oriented to travel in a generally straight direction based on the at least one
turn angle signal, and, if the work vehicle is so oriented, automatically command
activation of the differential lock 14.

[0019] It is to be understood that, alternatively, the system 16 may not include the
option of controlling the differential lock 14 manually. Instead, the system 16 may be
configured to operate in the automatic mode only.

[0020] Exemplarily, the sensor unit 48 includes an articulation angle sensor 50 and a
steering angle sensor 52. The articulation angle sensor 50 senses the articulation angle
a between articulated front and rear sections 24, 22 of the work vehicle 10. It may be

positioned at the articulation joint 26 to measure this angle. The steering angle sensor
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52 senses the steering angle B of one of the traction elements 20c and may be
positioned at the rotation joint of the traction element 20c, so as to sense the angle B
between the axle 40 and a kingpin associated with the traction element 20c. Each of the
sensors 50, 52 may be configured in a variety of ways including, but not limited to, as
one or more rotary sensors, one or more resolvers, one or more |lvdt's, and/or the like.
[0021] The controller 44 is adapted to receive from the articulation angle sensor 50 an
articulation angle signal representative of the articulation angle a and from the steering
angle sensor 52 a steering angle signal representative of the steering angle B and
determine a turn angle (8) of the work vehicle based on the articulation angle signal and
the steering angle signal. The controller 44 may be configured to determine the turn
angle by summing the articulation angle and the steering angle according to the equation
6 =a+ B. The controller 44 then determines if the work vehicle 10 is oriented to travel in
a generally straight direction by determining if the turn angle is within a tolerance about
the zero turn angle (e.g., 0° +/- 5°). Such criteria may be represented by the equation
Tol; £ 08 = Tol,, wherein Tol, is a lower tolerance limit and Tol, is an upper tolerance limit.
[0022] If the turn angle is within the turn angle tolerance, the controller 44 commands
activation of the differential lock 14 so as to lock the differential 12. The controller 44
may do so by outputting a control signal to the solenoid portion of an electro-hydraulic
valve 54 of the lock 14 causing a clutch 56 of the lock 14 to engage the differential 12.
Alternatively, the valve 54 may be configured so as to cause the clutch 56 to engage the

differential 12 when no control signal is present.

[0023] If the turn angle is outside the turn angle tolerance, the controller 44 commands
de-activation of the differential lock 14 so as to unlock the differential 12. The controller
44 may do so by outputting a control signal to the solenoid portion of the valve 54
causing the clutch 56 to disengage the differential 12. Alternatively, the valve 54 may be
configured so as to cause the clutch 56 to disengage the differential 12 when no control
signal Is present.

[0024] By way of example, consider the orientation of the work vehicle 10 in FIG. 1.

In that example, the articulation angle a is about +26° (positive because the front

section 24 is angled to the right) and the steering angle 8 is about -26° (negative

because traction element 20c is angled to the left relative to the neutral position
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defined by line A’). Summing a and 8 gives rise to a turn angle 8 of 0° for the vehicle
10, i.e., 26° + (-26) = 0°. In such a case, the controller 44 would consider the vehicle
10 to be traveling in a generally straight direction, and, in response thereto, would
command activation of the differential lock 14 to lock the differential 12.

[0025] Referring to FIG. 3, there is shown a control routine 58 for controlling the
differential lock 14. In particular, the control routine 58 shown in FIG. 3 concerns
only automatic control of the differential lock 14. However, as indicated above, the
control routine 58 could also include the option of manual control of the differential
lock 14.

[0026] In act 60 of the control routine 58, the controlier 44 monitors output of the
articulation angle sensor 50 for the articulation angle signal representative of the
articulation angle a and output of the steering angle sensor 52 for the steering angle
signal representative of the steering angle B. In act 62, the controller 44 receives
these two signals.

[0027] In act 64, the controller 44 sums the articulation angle a and the steering
angle 3 to obtain the turn angle 6 of the vehicle 10. In act 66, the controller 44
determines if the turn angle of the vehicle 10 is within the predetermined tolerance
about the zero turn angle. If yes, in act 68, the vehicle 10 is considered to be
traveling in a generally straight direction in which case the controller 44 commands
activation of the differential lock 14. If no, in act 70, the vehicle 10 is considered o
be turning (i.e., not traveling in a generally straight direction) in which case the
controller 44 commands de-activation of the differential lock 14.

[0028] As alluded to above, the controller 44 may take the form of one or more
electronic controllers. In such a case, the controller has a processor and a memory.

The memory has stored therein a plurality of instructions which, when executed by

the processor, cause the processor to perform the various functions of the controller
44.

[0029] Although the vehicle 10 has been described in the exemplary context of a
motor grader, it is to be understood that the vehicle 10 may take the form of any type
of work vehicle or other vehicle, articulated or not, including, but not limited to, four-
wheel drive loaders, loader backhoes, skidders, and the like.

[0030] Further, it is to be understood that each ground-engaging traction element
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disclosed herein (e.g., traction elements 20a, 20b, and 20c) may take any suitable form
iIncluding, but not limited to, a wheel, a track, or the like. In the particular case of a motor
grader, the traction elements are typically wheels, although it is contemplated that tracks
may be used in lieu thereof.

[0031] While the disclosure has been illustrated and described in detall in the drawings
and foregoing description, the scope of the claims should not be limited by particular
embodiments set forth herein, but should be construed in a manner consistent with the

specification as a whole.
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CLAIMS:

1. A method for controlling a differential lock of a work vehicle, comprising:
receiving at least one turn angle signal,
determining if the work vehicle is oriented to travel in a generally straight direction
based on the at least one turn angle signal, and
if the work vehicle is so oriented, automatically commanding activation of the
differential lock, wherein:
the at least one turn angle signal comprises a single articulation angle
sighal representative of an articulation angle between articulated front and rear
sections of the work vehicle and a single steering angle signal representative of a
steering angle of a ground-engaging traction element of the work vehicle, and
the determining comprises determining if the work vehicle is oriented to
fravel in a generally straight direction based on the articulation angle signal and

the steering angle signal.

2. The method of claim 1, wherein the determining comprises calculating a turn

angle (0) of the work vehicle by summing the articulation angle (a) and the steering angle

(B) (i.e., 0=a.+B).

3. The method of claim 2, wherein the determining comprises determining if the turn

angle is within a predetermined tolerance about a zero turn angle.

4. A differential lock control system for co.ntrolling a differential lock of a work
vehicle, comprising:

a single articulation angle sensor configured to sense an articulation angle
between articulated front and rear sections of the work vehicle,

a single steering angle sensor configured to sense a steering angle of a
ground-engaging traction element of the work vehicle, and

a controller configured to receive an articulation angle signal representative of the

articulation angle and a steering angle signal representative of the steering angle and
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determine Iif the work vehicle is oriented to travel in a generally straight direction based

on the articulation angle signal and the steering angle signal.

5. The differential lock control system of claim 4, wherein the controller is configured

to calculate a turn angle (0) of the work vehicle by summing the articulation angle (o) and

the steering angle (3) (1.e., 8=a+p).

6. The differential lock control system of claim 5, wherein the controller is configured

to compare the turn angle to predetermined turn criteria.

/. The differential lock control system of claim 5, wherein the controller is configured

to determine if the turn angle is within a predetermined tolerance about a zero turn angle.

8. A work vehicle, comprising:

articulated front and rear sections,

a ground-engaging traction element,

a differential,

a differential lock, and

a differential lock control system configured to control the differential lock, wherein
the differential lock control system comprises a single articulation angle sensor
configured to sense an articulation angle between the front and rear sections, a single
steering angle sensor configured to sense a steering angle of the ground-engaging
traction element, and a controller configured to receive an articulation angle signal
representative of the articulation angle and a steering angle signal representative of the
steering angle, determine if the work vehicle Is oriented to travel in a generally straight
direction based on the articulation angle signal and the steering angle signal, and, if the

work vehicle is so oriented, automatically command activation of the differential lock.

Q. The work vehicle of claim 8, wherein the controller is configured to calculate a turn
angle (0) of the work vehicle by summing the articulation angle (o) and the steering angle
(B) (i.e., 0=a+B), and determine if the turn angle is within a predetermined tolerance

about a zero turn angle.
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10. The work vehicle of claim 9, wherein the work vehicle is a motor grader.

11.  The work vehicle of claim 8, wherein the controller is configured to calculate a turn

angle (0) of the work vehicle by summing the articulation angle and the steering angle (j3)

(i.e., 0=a+p).

12.  The work vehicle of claim 11, wherein the controller is configured to determine if

the turn angle is within a predetermined tolerance about a zero turn angle.
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