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ERGONOMIC MOTOR GRADER WEHICLE 
CONTROLAPPARATUS 

TECHNICAL FIELD 

The present invention relates generally to an apparatus for 
controlling the various Systems and operations of a motor 
grader. Specifically, the present invention relates to a mul 
tiple joystick arrangement for ergonomically and intuitively 
controlling the motor grader blade and vehicle Steering and 
drive Systems. 

BACKGROUND ART 

Motor graders are used primarily as a finishing tool to 
Sculpt a Surface of earth to a final arrangement. Typically, 
motor graders include up to eight or more hand-operated 
controls to Steer the wheels of the grader, position the blade, 
and articulate the front frame of the grader among other 
operations. There are many drawbacks associated with these 
complex motor grader controls Such as operator fatigue and 
StreSS. Moreover, the operator must have a relatively high 
degree of expertise to manipulate the many control levers 
effectively. As a result, inexperienced operators require long 
training periods to become Sufficiently familiar with the 
controls and the motor grader operations with which they are 
asSociated. 

DISCLOSURE OF THE INVENTION 

The present invention provides a motor grader vehicle 
control apparatus including a vehicle Steering System, 
vehicle drive System and a blade. First and Second joystick 
assemblies are provided for controlling the blade and vehicle 
drive and Steering Systems wherein the first joystick assem 
bly Substantially operates the blade and the Second joystick 
Substantially operates the vehicle Steering and drive Systems. 
Additional control mechanisms and Switches are provided 
for further control of the blade and vehicle systems opera 
tions. Movement of the joystick assemblies controls corre 
late to the motor grader operations in an ergonomic and 
intuitive manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a motor grader; 
FIG. 2 is a top view of the motor grader of FIG. 1; 
FIG. 3 is a top schematic view of the motor grader of FIG. 

2 rotated to a full right articulation angle; 
FIG. 4 is a perspective view a motor grader vehicle 

control apparatus of the present invention; 
FIG. 5 is a schematic view of right blade portion operation 

of the present invention; 
FIG. 6 is a schematic view of sideshift blade operation of 

the present invention; 
FIG. 7 is a schematic view of circle drive operation of the 

present invention; 
FIG. 8 is a schematic view of blade tilt operation of the 

present invention; 
FIG. 9 is a schematic view of centershift blade operation 

of the present invention; 
FIG. 10 is a schematic view of left blade portion operation 

of the present invention; 
FIG. 11 is a schematic view of wheel steering operation 

of the present invention; 
FIG. 12 is a schematic view of articulation operation of 

the present invention; 
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2 
FIG. 13 is a schematic view of transmission operation of 

the present invention; 
FIG. 14 is a schematic view of wheel lean operation of the 

present invention; and 
FIG. 15 is a schematic view of locking differential opera 

tion of the present invention. 

Best Mode for Carrying Out the Invention 
Referring to FIGS. 1-3, a motor grader is shown generally 

at 10. The motor grader 10 is used primarily as a finishing 
tool to Sculpt a Surface of earth 11 to a final arrangement. 
Rather than moving large quantities of earth in the direction 
of travel like other machines, Such as a bulldozer, the motor 
grader 10 typically moves relatively Small quantities of earth 
from side to side. In other words, the motor grader 10 
typically moves earth acroSS the area being graded, not 
Straight ahead. 
The motor grader 10 includes a front frame 12, a rear 

frame 14, and a blade 16. The front and rear frames 12 and 
14 are supported by wheels 18. An operator cab 20, con 
taining many controls 19 necessary to operate the motor 
grader 10, is mounted on the front frame 12. The controls 19 
in FIGS. 2 and 3 are indicative of the complex multiple 
lever-controlled System of the prior art. An engine, 
transmission, and differential axle, collectively comprise a 
vehicle drive System shown generally at 21 mounted on the 
rear frame 14. The vehicle drive system 21 is used to drive 
or power the motor grader 10. The transmission includes a 
plurality of forward and reverse gears and a neutral gear in 
which none of the forward and reverse gears are engaged. 
Motor grader transmissions often have up to eight forward 
gears and eight reverse gears. The transmission is connected 
to a differential axle having a wheel 18 on each side that may 
be locked so that both wheels 18 may be driven during 
Slippery conditions. 
A vehicle Steering System 17 includes Steering cylinders 

13 that turn the wheels 18 on the front frame 14. The vehicle 
steering system 17 also includes a wheel lean cylinder 15 
that tilts the wheels 18 on the front frame 14 from left to 
right. 
The blade 16, sometimes referred to as a moldboard, is 

used to move earth. The blade 16 is mounted on a linkage 
assembly, shown generally at 22. The linkage assembly 22 
allows the blade 16 to be moved to a variety of different 
positions relative to the motor grader 10. 
The linkage assembly 22 includes a drawbar 24 mounted 

to the front frame 12 by a ball joint. The position of the 
drawbar 24 is controlled by three hydraulic cylinders, com 
monly referred to as a rightlift cylinder 28, a left lift cylinder 
30, and a centershift cylinder 32. A coupling, shown gen 
erally at 34, connects the three cylinders 28, 30, and 32 to 
the front frame 12. The coupling 34 can be moved during 
blade repositioning but is fixed Stationary during earthmov 
ing operations. The height of the blade 16 with respect to the 
surface of earth 11 below the motor grader 10, commonly 
referred to as blade height, is controlled primarily with the 
right and left lift cylinders 28 and 30. The right and left lift 
cylinders 28 and 30 are connected to right 31 and left 33 
portions of the blade 16 respectively. The cylinders 28, 30 
can be controlled independently and, thus, used to angle a 
bottom cutting edge 35 of the blade 16 relative to the surface 
of earth 11. The centershift cylinder 32 is used primarily to 
sideshift the drawbar 24, and all the components mounted to 
the end of the drawbar including the blade 16, relative to the 
front frame 12. This sideshift is commonly referred to as 
drawbar sideshift or circle centershift. 
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The drawbar 24 includes a large, flat plate, commonly 
referred to as a yoke plate 36, as shown in FIGS. 2 and 3. 
Beneath the yoke plate 36 is a large gear, commonly referred 
to as a circle 38. The circle 38 is rotated by a hydraulic 
motor, commonly referred to as a circle drive 40, as shown 
in FIG. 2. The rotation of the circle 38 by the circle drive 40, 
commonly referred to as circle turn, pivots the blade 16 
about an axis. A fixed to the drawbar 24 to establish a blade 
cutting angle. The blade cutting angle is defined as the angle 
of the blade 16 relative to the front frame 12. At a zero 
degree blade cutting angle, the blade 16 is aligned at a right 
angle to the front frame 12. In FIG. 2, the blade 16 is set at 
a Zero degree blade cutting angle. 
The blade 16 is mounted to a hinge on the circle 38 with 

a bracket. Ablade tip cylinder 46 is used to pitch the bracket 
forward or rearward. In other words, the blade tip cylinder 
46 is used to tip or tilt a top edge 47 of the blade 16 ahead 
of or behind the bottom cutting edge 35 of the blade 16. The 
position of the top edge 47 of the blade 16 relative to the 
bottom cutting edge 35 of the blade 16 is commonly referred 
to as blade tip. 

The blade 16 is mounted to a sliding joint in the bracket 
allowing the blade 16 to be slid or shifted from side to side 
relative to the bracket or the circle 38. This side to side shift 
is commonly referred to as blade sideshift. A sideshift 
cylinder 50 is used to control the blade sideshift. 

Referring now to FIG. 2, a right articulation cylinder, 
shown generally at 52, is mounted to the right Side of the rear 
frame 14 and a left articulation cylinder, shown generally at 
54, is mounted to the left side of the rear frame 14. The right 
and left articulation cylinders 52 and 54 are used to rotate the 
front frame 12 about an axis B shown in FIG.1. The axis B 
is commonly referred to as the articulation axis. In FIG. 2, 
the motor grader 10 is positioned in a neutral or Zero 
articulation angle. 

FIG. 3 is a top schematic view of the motor grader 10 with 
the front frame 12 rotated to a full right articulation angle 0. 
The articulation angle 0 is formed by the intersection of the 
longitudinal axis C of the front frame 12 and the longitudinal 
axis D of the rear frame 14. An articulation joint 56 connects 
the front frame 12 and the rear frame 14. A rotary sensor, 
used to measure the articulation angle 0, is positioned at the 
articulation joint 56. A full left articulation angle 0, shown 
in phantom lines in FIG. 3, is a mirror image of the full right 
articulation angle 0. The motor grader 10 may be operated 
with the front frame 12 rotated to the full right articulation 
angle 0, the full left articulation angle 0, or any angle 
therebetween. 

Referring to FIG. 4, a partial perspective view of an 
operator seat 58 for a cab 20 is shown. The seat 58 has 
armrests 61 with first 62 and second 64 joystick assemblies 
attached thereto. The joystick assemblies 62, 64 provide the 
controls for the blade 16 and the vehicle drive 21 and 
Steering 17 Systems in an ergonomic and intuitive manner 
and replace the many hand-operated controls 19 of the prior 
art. That is to say that the joystick assemblies 62, 64 relate 
to the operations of the motor grader 10 in a manner that 
would be easily learned and manipulated by an operator. 

The first 62 and second 64 joystick assemblies have 
multiple axes of movement that correspond with a similar 
movement for one of the blade 16, vehicle drive 21 and 
Steering 17 Systems operations. To make joystick operation 
more intuitive, the first joystick assembly 62 is associated 
substantially with blade 16 operations while the second 
joystick assembly 64 is associated Substantially with the 
vehicle drive 21 and Steering 17 Systems operations. 
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4 
However, there may be Some overlap between the operations 
the joystick assemblies 62, 64 control, that is, the first 
joystick assembly 62 may control Some vehicle Steering 17 
and drive 21 Systems operations and the Second joystick 
assembly 64 may control some blade 16 operations. 
Furthermore, the functions of the first joystick assembly 62 
may be switched with the functions of the second joystick 
assembly 64. 
The first joystick assembly 62 includes first 66 and second 

68 intersecting axes and a third axis 70 perpendicular to the 
first 66 and second 68 axes. 

Similarly, the second joystick assembly 64 includes fourth 
72 and fifth 74 intersecting axes and a sixth axis 76 perpen 
dicular to the fourth 72 and fifth 74 axes. 
The first joystick assembly 62 is movable along the first 

axis 66 in forward and rearward directions for lowering and 
raising respectively the right portion 31 of the blade 16 
relative to the Surface 11 as shown in FIG. 5. Thus, when the 
first joystick assembly 62 is moved along the first axis 66, 
the right cylinder 28 is actuated thereby adjusting the blade 
height of the right portion 31 of the blade 16. 
As shown in FIG. 6, first joystick assembly 62 is movable 

along the Second axis 68 in left and right directions for 
moving the blade 16 left and right respectively thereby 
controlling blade sideshift. Hence, when the first joystick 
assembly 62 is moved along the second axis 68, the sideshift 
cylinder 50 is actuated thereby shifting the blade from side 
to Side. 

Referring to FIG. 7, first joystick assembly 62 is rotatable 
about the third axis 70 for rotating the blade 16. Thus, as the 
first joystick assembly 62 is rotated, the circle drive 40 is 
actuated thereby adjusting the blade angle in the same 
direction of rotation as the joystick assembly 62. 
A Secondary control mechanism 78 is located on an upper 

portion 79 of the first joystick assembly 62 for controlling 
additional blade operations. Secondary control mechanism 
78 includes seventh 80 and eighth 82 intersecting axes. 
Referring to FIG. 8, secondary control mechanism 78 is 
movable in forward and rearward direction along the Sev 
enth axis 80 for tilting the blade forward and rearward 
respectively by actuating blade tip cylinder 46. Secondary 
control mechanism 78 is also movable in left and right 
directions along the eighth axis 82 for moving the drawbar 
24 laterally left and right respectively, as shown in FIG. 9. 
This centershifting operation is accomplished by actuation 
of the centershift cylinder 32 in response to the left and right 
movements of the secondary control mechanism 78. 

Referring to FIG. 10, second joystick assembly 64 is 
movable in forward and rearward directions along the fourth 
axis 72 for lowering and raising the left portion 33 of the 
blade 16 respectively. Hence, when Second joystick assem 
bly 64 is moved along the fourth axis 72, the left cylinder 30 
is actuated thereby adjusting blade height of the right portion 
33 of blade 16. 

Each of the first 62 and second 64 joystick assemblies 
include a trigger 88 which raises or lowers the left 33 and 
right 31 portions of the blade 16 simultaneously when either 
of the first 62 and second 64 joystick assemblies are moved 
forward and rearward. This feature enables the operator to 
maintain the angle of the bottom cutting edge 35 of the blade 
16 relative to the surface 11 when raising and lowering the 
blade 16. Thus, the right 28 and left 30 cylinder are actuated 
Simultaneously and move at the same rate. 

Referring now to FIG. 11, second joystick assembly 64 is 
movable in left and right directions along the fifth axis 74 for 
steering the wheels 18 on the front frame 14. As the second 
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joystick assembly 64 is moved to the right, the wheels 18 
angle toward the right. Similarly, as the Second joystick 
assembly 64 is moved left the wheels 18 angle toward the 
left. 

Right 52 and left 54 articulation cylinders are controlled 
by Second joystick assembly 64 when the joystick assembly 
64 is rotated about the sixth axis 76, as shown in FIG. 12. 
Thus, when the second joystick assembly 64 is rotated 
clockwise the front frame 12 moves to the right in a + 
direction. The front frame 12 move in a - direction or to 
the left when the second joystick assembly 64 is rotated 
counterclockwise. 

Referring to FIG. 13, a plurality of switches 90,92, 94 are 
located on an upper portion 89 of the Second joystick 
assembly 64 for providing further intuitive control of the 
motor grader's operations. A first switch 90 includes forward 
96, neutral 97, and reverse 98 positions which correspond to 
the forward, neutral, and reverse gears of the transmission 
respectively. Thus, when the Switch 90 is in the forward 
position 96 the forward gears are enabled. Reverse gears are 
enabled when the Switch 90 is in the reverse position 98. 
While the neutral gear is enabled when Switch 90 is in 
neutral position 97. The first Switch 90 may be a single axis 
Switch or any Switch having three different positions. 
A second Switch 92, or bumpshift Switch, is movable 

along a ninth axis 100 in forward and rearward directions for 
upshifting between the gears when the second Switch 92 is 
moved forward and downshifting between the gears when 
the Switch 92 is moved rearward. For example, if the first 
Switch 90 is in the forward position 96 the forward gears are 
enabled. To make a shift from third to fourth gear the second 
Switch 92 would be moved forward thereby completing the 
upshift. After shifting up or down, the second Switch 92 
centers itself for the next shift. 

A third Switch 94 is movable along a tenth axis 102 in 
right and left directions for actuating the wheel lean cylinder 
15 and leaning the wheels 18 on the front frame 12, as shown 
in FIG. 14. Movement of the third Switch 94 in the right 
direction causes wheels 18 to lean right while the left 
direction causes wheels 18 to lean left. 

Referring to FIG. 15, a first button 104 is positioned near 
the trigger 88 on the first joystick assembly 62. Actuating the 
first button 104 locks the differential axle so that both wheels 
18 on the axle are drive thereby increasing the traction 
between the wheels 18 and the Surface 11. 

A second button 106 is positioned near trigger 88 on the 
Second joystick assembly 64 which Zeroes the articulation 
angle So that the longitudinal axes C and D of front 12 and 
rear 14 frames respectively are in a common plane. 

It is to be understood that the above control elements and 
the vehicle operations associated with the control element 
may be modified within the scope of the invention. 
Accordingly, the invention has been described in an illus 
trative manner, and it is to be understood that the terminol 
ogy which has been used is intended to be in the nature of 
words of description rather than of limitation. 

Industrial Applicability 
The invention relates to an apparatus that provides ergo 

nomic and intuitive control of blade and vehicle drive 
Steering Systems of a motor grader. The apparatus includes 
first and Second joystick assemblies movable about multiple 
XCS. 

The movement of the joystick assemblies and control 
mechanism correspond in a intuitive manner to the move 
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6 
ments and operations of the blade and vehicle drive and 
Steering Systems which enable an operator to more effec 
tively control the motor grader. 

Obviously, many modifications and variations of the 
present invention are possible in light of the above teach 
ings. It is, therefore, to be understood that within the Scope 
of the appended claims, wherein reference numerals are 
merely for convenience and are not to be in any way 
limiting, the invention may be practiced otherwise than as 
Specifically described. 
We claim: 
1. A motor grader vehicle control apparatus comprising: 
a vehicle Steering System for maneuvering the vehicle 

having front and rear frames pivotally connected and 
wheels Supported thereon; 

a vehicle drive System for propelling the vehicle having a 
transmission with a plurality of forward and reverse 
gears and a neutral gear, Said transmission being con 
nected to a differential axle, 

a blade Supported by Said front frame for Sculpting a 
Surface of earth having left and right portions and an 
angle relative to the Surface; and 

first and Second joystick assemblies for controlling Said 
blade, and Said vehicle drive and Steering Systems. 

2. The apparatus as Set forth in claim 1 wherein Said first 
joystick assembly is movable along first and Second inter 
Secting axes and rotatable about a third axis perpendicular to 
Said first and Second interSecting axes for Substantially 
operating Said blade, and Said Second joystick assembly is 
movable along fourth and fifth interSecting axes and rotat 
able about a sixth axis perpendicular to said fourth and fifth 
interSecting axes for Substantially operating Said blade Said 
vehicle drive and Steering Systems. 

3. The apparatus as Set forth in claim 2 herein Said first 
joystick assembly is rotatable about Said third axis for 
rotating Said blade relative to Said front frame. 

4. The apparatus as Set forth in claim 2 further including 
a drawbar interposed between Said front frame and Said 
blade, said drawbar being movable relative to said front 
frame and Said blade being movable relative to Said drawbar, 
wherein Said first joystick assembly is movable along Said 
Second axis in left and right directions for moving Said blade 
laterally relative to said drawbar. 

5. The apparatus as Set forth in claim 2 further including 
a Secondary control mechanism on Said first joystick assem 
bly movable along Seventh and eighth axes, wherein Said 
control mechanism is movable along Said Seventh axis in 
forward and rearward directions for tilting said blade for 
ward and rearward relative the Surface. 

6. The apparatus as set forth in claim 5 wherein said 
Secondary control mechanism is movable along Said eighth 
axis in left and right directions for moving Said drawbar 
laterally relative to said front frame. 

7. The apparatus as set forth in claim 2 wherein said first 
joystick assembly is movable along Said first axis in forward 
and rearward directions for raising and lowering Said right 
portion of Said blade relative to the Surface. 

8. The apparatus as set forth in claim 7 wherein said 
Second joystick assembly is movable along Said fourth axis 
in forward and rearward directions for raising and lowering 
said left portion of said blade relative to the Surface. 

9. The apparatus as set forth in claim 8 further including 
a trigger on each of Said first and Second joystick assemblies, 
wherein actuating one of Said triggers while moving either 
of Said first and Second joystick assemblies rearward and 
forward raises and lowerS Said right and left portions of Said 
blade simultaneously relative to the Surface. 
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10. The apparatus as set forth in claim 2 further including 
a first Switch on Said Second joystick assembly having 
forward, neutral, and reverse positions corresponding to Said 
forward, neutral, and reverse gears respectively of Said 
transmission, wherein Said first Switch enables one of Said 
forward, neutral, and reverse gears when Said first Switch 
moves to one of Said forward, neutral, and reverse positions 
respectively. 

11. The apparatus as Set forth in claim 2 further including 
a Second Switch on Said Second joystick assembly movable 
along a ninth axis in forward and rearward directions for 
upshifting between said plurality of gears when Said Second 
Switch is moved in a forward direction and downshifting 
between Said plurality of gears when Said Second Switch is 
moved in a rearward direction. 

12. The apparatus as Set forth in claim 2 wherein Said 
Second joystick assembly is movable along Said fifth axis in 
left and right directions for Steering two of Said wheels. 

15 

8 
13. The apparatus as set forth in claim 12 further including 

a third Switch attached to Said Second joystick assembly 
movable along a tenth axis in left and right directions for 
leaning Said two of Said wheels to the left and right respec 
tively. 

14. The apparatus as Set forth in claim 2 further including 
a first button on Said first joystick assembly, wherein actu 
ating Said first button lockS Said differential axle. 

15. The apparatus as set forth in claim 2 wherein said 
Second joystick assembly is rotatable about Said Sixth axis 
for rotating Said front frame relative to Said rear frame. 

16. The apparatus as set forth in claim 15 further including 
a Second button on Said Second joystick assembly, wherein 
actuating Said Second button rotates Said front frame relative 
to Said rear frame until Said front and rear frame are aligned 
in a common plane. 


