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{57] ABSTRACT

A control system for a road grader adapted to main-
tain the working edge of the grader blade in a preset
datum plane so as to establish a uniform graded condi-
tion of the surface worked by the blade, regardless of
the inclination assumed by the motor grader or the
relative angular position of the blade itself. The system
includes grade sensor means-mounted adjacent one
end of the blade to follow a pre-selected grade datum,
slope sensing means mounted in fixed relation with the

‘blade for keeping the blade at a predetermined slope

with rotation sensing means mounted on the blade
supporting ring or circle to detect the relative angular

" position of the blade. The rotation sensing means pro-

vides a correction signal for maintaining the slope
angle of the blade at a value which will keep the
“‘cross slope” of the surface established at a predeter-
mined value regardless of the rotary position of the
blade relative to the direction of travel.

8 Claims, 5 Drawing Figures
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CONTROL SYSTEM FOR ROAD GRADER

BACKGROUND OF THE INVENTION

It is desirable, when grading subsurfaces for super-
speed highways, airport runways, and the like that the
grade as well as cross slope approximate the finished
surface as closely as possible. This procedure ensures
a finished paved mat of uniform thickness and strength.
In the past the subsurface has been graded by motor
graders which were operated by skilled operators hav-
ing the capability of finishing a surface which would be
quite acceptable. However, with increased mechaniza-
tion and the increased demand for uniform surfaces
laid to close tolerances, the “eyeball” method has
proven to be unsatisfactory in many instances.

It is well known in the art to use a control console in
the cab of a motor grader with means for presetting the
slope of the blade and maintaining that slope by servo
valves or the like actuated by a pendulum apparatus or
its equivalent. The slope sensing mechanism for such
systems may be mounted on the blade itself or on some
part of the machine structure which is in fixed position
relative to the blade. Although such systems may be
made to accurately reflect the slope of the blade at all
times relative to the horizontal, they do not always re-
flect the true “‘cross slope” of the plane being cut, i.e.,
the slope normal to the direction of travel of the vehi-
cle. Significant error occurs when the blade is rotated
away from a position perpendicular to the direction of
travel, which is normally the case during operation.

It is likewise known in the art to have sensing means
at one end of the blade including a wheel, skid or other
means for detecting a predetermined grade datum in-
cluding means, such as servo valves, to maintain one
end of the blade in a working position in accord with
any discrepancy signal received from the detecting
means. The slope of the blade is then slaved to the
grade controlled end. If desired, both ends of the blade
could, of course, be controlled by some preset grade
datum.

Although the use of slope and grade sensors has done
a great deal to automate the road grader when working
from a preset datum, such controls are not completely
accurate. The grader blade is normally mounted on a
turntable or ring-shaped circle, and the width of the
swath of the blade is determined by the relative angle
of the blade to the direction of movement of the grader.
Some amount of angle on the blade is normally main-
tained for the purpose of moving material to one side
of the blade and away fromthe cutting edge. Once a
slope angle is determined and the blade set to this an-
gle, if the operator were to narrow or widen the swath
by rotating the turntable or “circle” and the attached
blade the effective cross slope angle of the cutting edge
of the blade and therefore the resultant cross slope of
the graded surface, i.e., perpendicular to the direction
of travel, is changed.

With the above-noted problems in mind, it is an ob-

- ject of the present invention to provide a control sys-
tem for a motor grader or the like which assures that
the cutting edge of the blade is maintained at the cor-
rect slope angle so as to cut at a constant predeter-
mined “cross slope” angle, lrrespecnve of the relative
angularity of the blade.

Yet another object of the present invention is to pro-

- vide a control system for a motor grader including
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means for maintaining the cutting edge of the blade at
a slope angle which gives a constant ‘“‘cross slope”
angle regardless of the blade angle without further ad-
justment by the operator.

It is yet a further object of the present invention to
provide a control system whereby the cutting edge of
the blade of a motor grader or the like may be main-
tained in a constant preset datum plane, at the desired
grade, requiring the operator only to steer the vehicle
and control the rotary position of the grader blade.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial view of a powered motor grader
showing the portions essential to the present invention;

FIG. 2 is a plan view of a motor grader showing the
difference in swath width obtainable by.changing the
angle of the blade relative to the dlrectlon of travel of
the grader;

FIGS. 3 and 4 graphically illustrate how the effective
angle of the cutting edge of the blade varies with angu-
lar adjustment of the blade with respect to the line of
travel of the grader;

FIG. § is a schematic 1llustrat10n of the grade and
slope control system for a grader according to the pres-
ent invention.

DETAILED DESCRIPTION OF THE DRAWINGS

As can be seen in FIG. 1, the conventional grader in-
cludes a cab 2 for the operator, rear wheels 4, and front
wheels 6, the wheels supporting a generally longitudi-
nal frame member 8 which underlies the cab 2 and pro-
vides a support for the working blade 10. As is well
known, the motor grader is quite long with wheels at
either end of the frame and the working blade sus-
pended between the front and rear wheels. Some grad-
ers have the frame divided allowing relative axial twist-
ing but this feature does not affect the invention herein-
after described. The purpose for the extreme length of
the grader is to smooth out the road surface by havmg
the wheels straddle many of the minor or local varia-
tions. Suspended beneath the frame 8 and connected to
the front end thereof, is-a draw bar 12 having a univer-
sal ball joint connection 13 with the frame 8, allowing
relatively free movement of the draw bar about this
point. .

Rigidly mounted to the rear portion of the draw bar
12 is 3 turntable arrangement indicated generally at 14
which has a fixed inner structure including a rotary
drive gear (not shown) and a relatively movable outer’
portion 16 commonly known as the “circle” or *“ring”
to which the blade is attached by means of downwardly
depending blade mounting arm 18. Although not
shown or described in ‘detail, the attachment of the
blade to members 18 is adjustable by members 20 al-
lowing the attack angle of the blade to be varied.

The height and slope of the blade relative to the
wheels or ground surface is controlled by a pair of hy-
draulic rams 22 pivotally secured to the fixed portion
of the turntable structure 14 and frame member 8. In
practice one of the rams 22 will be controlled by a
grade sensor to set the elevation of one end of the blade
and the other ram will be used to control the slope of
the blade by raising or lowering the opposite end of the
blade. A conventional circle side shift mechanism, indi-
cated generally at 24, having a link 25 extending be-
tween the fixed portion of the turntable structure 14
and a drive gear 27, may be used to shift the circle and
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attached blade to the left or right of a center position
as desired by the operator. During this operation the
draw bar 12 as well as the ring 16 and blade 10 are
swung about the ball joint 13 thus changing the angular
position of the blade relative to the direction of travel.
As will be appreciated by those familiar with the art
such side shifting by this mechanism will also introduce
errors in the “cross slope’ angle of the blade which will
later be discussed more in detail. Some graders are
equipped with rams which merely shift the blade later-
ally without affecting the position of the circle and thus
do not disturb the slope setting. As noted above, the
relative angle of rotation of the blade with respect to
the direction of movement of the motor grader is deter-
mined by a drive gear which is a part of the fixed por-
tion of the turntable 14, in a manner well known in the
art and not deemed necessary to be described in detail.

Mounted at one end of the blade 10 is a bracket 26
having a downwardly extending vertical post 28 termi-
nating in a skid 30 which is linked by the pivoted arm
32 to a grade sensor unit 34. The grade sensor unit may
be in the form of a rotary variable differential trans-
former (RVDT) which is a commercially available unit,
one example of which is the Angle Position Trans-
ducer, model No. R30A manufactured by Schaevitz
Engmeermg, Pennsauken, New Jersey. Any vertical
movement in the skid 30 relative to the blade 10 causes
the skid to swing the arm 32 in a well-known manner
and to actuate the RVDT, thus generating a signal
which is used to actuate the servo-mechanism by means
known in the art causing the blade to be either raised
or lowered in accordance with the signal received. One
end of the cutting edge of the blade is thus maintained
at a predetermined grade or elevation during forward
travel. As will be understood by those familiar with the
art, such results may also be obtained by using a taut
wire on which a sensor element, rather than the skid
30, rides.

Mounted on the movable ring or cxrcle 16 is a slope
sensor unit 36. As will be remembered, the blade 10
during operation is fixed relative to the circle 16 and
thus the slope sensor unit 36 will give a true reflection
of the actual slope of the blade regardless of its rota-
tional position. The slope sensor unit 36 may constitute
a linear variable differential. transformer (LVDT)
which is also commercially available in the form of a
linear accelerometer. One example of such a unit is the
Linear Variable Differential Transformer Accelerom-
eter, model No, 7 — 66, manufactured by Edcliff Instru-
ments, Monrovia, California. It will be understood, of
course, that the slope sensor unit 36 may be located at
any other desirable position on the circle or even on the
blade itself depending upon its ability to withstand me-
chanical shock. The slope sensor or accelerometer 36
is actuated by any change .in the actual slope of the
blade 10 and is operatively connected to a console
panel of the grader such that the slope can be preset
and any variation of the blade from the preset slope will
activate servo-mechanisms to operate one or the other
of the rams 22 to return the blade to the preset slope
value. This function will be later described in detail.

Mounted to the fixed portion of the turntable struc-
ture 14 is a rotation sensor unit which provides a cor-
rection signal related to the angularity of the blade with
respect to a fixed reference point, normally coincident
with the line of travel. The sensor unit 40 may consti-
tute a nonlinear reostat and will be operatively con-
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nected to control panel 33 such as to modify the preset
slope reference signal in a manner hereinafter more
fully described.

Referring now to FIG. 2, Wthh is a plan view of the
hereinabove described grader, it- can be seen that
movement of the circle 16 will cause the blade 10 to in-
crease or decrease its swath with respect to the direc-
tion of movement of the grader. The greatest swath
being available when the blade is approximately per-
pendicular to the direction of travel of the grader.

As can be seen in FIG. 3, movement of the blade 10,
by rotation of the circle 16, from the position shown in
solid lines, which would be relatively perpendicular to
the direction of travel of the grader, to that shown in
phantom lines, changes the effective cutting angle of
the blade from angle a to angleb and if compensation
were not made, the ““cross slope’ angle of the surface
cut would be correspondingly altered although the ac-
tual slope of the blade relative to the horizontal and
along the length of the blade would be unchanged. For
clarity, the results of the change of the relative blade
angle is shown from a different perspective in FIG. 4
wherein rotation of the blade a given amount changes
the cross slope angle of the surface cut from angle ¢ to
angle d with the direction of travel of the grader being
indicated by the arrow and the blade being rotated
about the center of the circle 16 as an axis.

It can thus be seen that control of the cross slope of
the graded surface involves not only the actual slope of
the blade relative to the horizontal but also the rota-
tional position of the blade relative to the direction of
travel of the grader. Each of these factors must be
taken into consideration and accounted for to obtain
an accurately sloped surface.

FIG. 5 is a schematic illustration of the control sys-
tem involving both grade and cross slope control with
rotational correction according to the present inven-
tion. The basic control system depicted in FIG. 5, ex-
cept for the rotational correction system which is the
subject of the present invention, is disclosed and
claimed in a United States Pat. application Ser. No.
144,904, now abandoned, entitled CONTROL SYS-
TEM FOR PREDETERMINED SURFACES filed May
5,-1971 and assigned to the same assignee as the pres-
ent application. As seen in FIG. 5, the cross slope angle
is the angle between a horizontal plane and the plane
established by the grader blade which is located in a
vertical plane extending at right angles to the direction
of travel of the grader. The latter vertical plane is
represented by the surface of the sheet of drawings. As
before described, the grade sensor 34 controls the ele-
vation of one end of the grader blade 19 through a con-
trol system which utilizes a constant input signal repre-
senting the desired elevation and a constant signal from
the grade sensor or RVDT 3. The grade sensor in the
present example constitutes a rotary variable differen-
tial transformer, the rotary. shaft of which is operated
by the ski 30 as the machine moves forward. The differ-
ential transformer produces a voltage which is linearly
proportional to its angular displacement in either direc-
tion from a null point. These voltages, of course, will be
180° out of phase and, at the null point, will cancel
each other. These signals are mixed or compared by the
signal mixer indicated in FIG. 5§ which may be in the
form of an appropriate bridge circuit or its equivalent.
The constant input signal constitutes a suitable voltage
source utilized as a desired elevation input as noted in
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FIG. 5. The desired elevation input is connected to one
side of the bridge circuit as indicated and the other side
of the bridge is connected to the output signal from the
sensor 34. When the bridge is unbalanced the resultant
or difference signal both in terms of direction and
quantity is passed to the control element indicated
which may be in the nature of an appropriate amplifica-
tion circuit. The operator can thus create a null point
for the sensor 34 by controlling the input signal to
match the signal from the grade sensor regardless of the
angle of the sensor arm 32 at any particuler time. The
‘signal from the control element is then used to actuate
the drive system which may comprise hydraulic rams or
electrical motors or their equivalents. The details of the
necessary circuitry for the system are well within the
skill of an artisan and not considered a part of the pres-
ent invention. As aforementioned, with one end of the
grader blade controlled by the grade sensor, the other
end of the blade is then slaved to the grade controlled
end by means of the slope sensor control system to be
described. :

The slope sensor unit or LVDT as previously de-
scribed is utilized to create a signal proportional to any
deviation from a preset inclination or slope value of the
grader blade. The LVDT produces a continuous signal
which varies with the inclination or slope of the unit.
This signal is received by a signal mixer as indicated in
FIG. § and compared with a constant preset slope input
signal representing the desired slope. As in the case of
the grade control system, the signal mixer may take the
form of a bridge circuit with one side of the bridge
being connected to the desired slope input voltage

source and the other side being connected to the out- .

put signal from the slope sénsor 36. When the bridge
circuit is unbalanced, it produces a difference or error
signal both directional and proportional. The differ-
ence signal is then passed to the control element repre-
sented as an amplification circuit in FIG. § which acti-
vates the drive system, raising or lowering the end of
the blade. The rotation sensor 40 as depicted in the
schematic is utilized to modify the preset slope input
signal, as will be presently described so as to compen-
sate for the error created by rotation of the grader
blade as previously described.

Although the details of the rotation sensor 40 may be
varied, one form which has been utilized is that of a
nonlinear reostat. The nonlinear characteristics of the
reostat may be developed from empirical data selected
by testing a control system under known conditions. In
actual practice, a plane was created that represented
the desired surface to be graded by a motor grader and
measurements were made from the resistance needed
to compensate for rotation of the slope sensor in the
plane away from a position perpendicular to the direc-
tion of travel. Curves were developed from the resis-
tance measurements taken at different “‘cross slope”
‘angles. These curves were found to differ by less than
the measuring accuracies of the sensor units which al-
lowed the curves to be normalized into one curve de-
scribing the characteristics of the nonlinear reostat. As
shown in FIG. §, this specialized reostat is then inserted
between the input slope signal source and the signal
mixer so as to automatically correct the input signal to
compensate for the posmon of rotation of the grader
blade.

Although the present system has been described rela-
tive to the error created by rotation of the ring 16, it
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will be understood that other adjustment mechanisms
of the grader structure which affect the cross slope
angle of the finished surface by altering the rotary posi-
tion of the blade may be compensated for by the means
described. For instance, in the embodiment of the
grader shown in FIG. 1, error may be induced in the
slope angle of the blade 19 by operation of the circle
side shaft mechanism 24, A rotation sensor or position
sensor responsive to the movement of this adjustment
mechanism can also be used to additionally modify the
slope input signal which is mixed or compared with the
output signal of the slope sensor 36.

The present invention thus provides new, useful, and
unobvious improvements in grade and slope control
systems for motor graders or the like wherein error is
introduced by rotary adjustment of the blade, mold
board, or other working element. The invention makes
it possible to eliminate guessing and human error allow-
ing the operator to perform a given operation in less
time than with the prior art and with greater accuracy.

The embodiments of the invention in which a partic-
ular property or privilege is claimed are defined as fol-

lows:
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1. In a traveling machine having a movable frame, an
elongated surface working element supported by said
frame, and adjustment means on the machine to inde-
pendently adjust the elevation of each end of the ele-
ment and its rotational position relative to said frame,
said machine being adapted to establish a planar sur-
face having a predetermined cross shape angle defined
as the angle between the surface established and a hori-
zontal plane, said angle being located in a vertical plane
perpendicular to the direction of travel of the machine,
a control system comprising in combination;

grade sensing and control means operatively asso-

ciated with said working element and said adjust-
ment means for sensing a preset grade datum and
maintaining one end of said working element at a
predetermined elevation related to said grade
datum during travel of the machine,

“a slope sensing unit operatively associated with said
working element and having means to produce a
slope signal proportional to the degree of inclina-
tion of said element relative to a horizontal plane,

input slope signal means providing a constant signal

of predetermined value corresponding to the de-
sired slope angle of the working element,
slope signal mixing means adapted to produce a dif-
ference signal representing the difference between
said input slope signal and said sensed slope signal,

slope control means responsive to said difference sig-
nal for controlling said adjustment means for cor-
recting the elevation of the other end of said work-
ing element to maintain said desired slope angle,
and

position sensing means operatively associated with

said working element and responsive to the rotary
position of said working element relative to the ma-
chine frame for modifying the gwen slope setting of”
said input slope signal means in relation to the ro-
tary position of said working element, whereby said
element establishes a planar surface having said
predetermined cross slope regardless of the rotary
position thereof during travel of said machine.

2. The control system according to claim 1 wherein,
said slope sensing unit is mounted in fixed relation to
said working element.
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3. The control system of claim 1 wherein; said posi-
tion sensing means is connected with said input slope
signal means and adapted. to produce a rotational cor-
rection signal related to the rotational position of the
working element relative to the machine frame,

said rotational correction signal being combined with
said input slope signal to modify the same prior to
being delivered to said slope signal mixing means.

4. The control system according to claim 2 wherein;
said position sensing means is connected with said
input slope signal means and adapted to produce a ro-
tational correction signal related to the rotational posi-
tion of the working element relative to the machine
frame,

said rotational correction signal being combined with
said input slope signal to modify the same prior to
being delivered to said slope signal mixing means.

5. In a traveling machine having a movable frame, an
elongated surface working element supported by said
frame, an adjustment means on the machine to adjust
the elevation of at least one end of said element relative
to said frame, said machine being adapted to establish
a planar surface having a predetermined cross slope
angle defined as the angle between the surface estab-
lished and a horizontal plane, said angle being located
in a vertical plane perpendicular to the direction of
travel of the machine, a control system comprising in
combination;

a slope sensing unit operatively associated with said
working element and having means to produce a
slope signal proportional to the degree of inclina-
tion of said element relative to a horizontal plane,

input slope signal means providing a constant signal
of predetermined value corresponding to the de-
sired slope angle of the working element,

slope signal mixing means adapted to produce a dif-
ference signal representing the difference between
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said input slope signal and said sensed slope signal,

slope control means responsive to said difference sig-
nal for controlling said adjustment means for cor-
recting the elevation of said one end of said work-
ing element to maintain said desired slope angle,
and

position sensing means operatively associated with

said working element and responsive to the rotary
position of said working element relative to the ma-
chine frame for modifying the given slope setting of
said input slope signal means in relation to the ro-
tary position of said working element,

whereby said element establishes a planar surface

having said predetermined cross slope regardless of
the rotary position thereof during travel of said ma-
chine.

6. The control system according to claim 5 wherein,
said slope sensing unit is mounted in fixed relation to
said working element.

7. The control system of claim 5 wherein said posi-
tion sensing means is connected with said input slope
signal means and adapted to produce a rotational cor-
rection signal related to the rotational position of the
working element relative to the machine frame,

said rotational correction signal being combined with

said input slope signal to modify the same prior to
being delivered to said slope signal mixing means.

8. The control system of claim 6 wherein; said posi-
tion sensing means is connected with said input slope
signal means and adapted to produce a rotational cor-
rection signal related to the rotational position of the
working element relative to the machine frame,

said rotational correction signal being combined with

said input slope signal to modify the same prior to

being delivered to said slope signal mixing means.
* * k* Tk *



