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United States Patent Office 2,796,685 
Patented June 25, 1957 

2,796,685 
METHOD AND APPARATUS FOR EARTH 

GRADING AND ALLE ARTS 

Donald L. Bessinger, Hastings, Mich; Isabell McK. 
Beasiager, aduainistratrix of said Boisaid L. Sensinger, 
deceased, assiggor to herseif 
Application December 15, 1951, Serial No. 261,886 

10 Claims. (C. 37-43) 

The present invention relates to methods and appa 
ratus for earth working including grading and allied 
operations. 
One of the principal objects of the invention is the 

provision of a novel and improved method of and ap 
paratus for working earth to a desired surface, which 
utilizes as a basic information source a reference plane, 
such as a plane established by a radiated or otherwise 
propagated "plane' of energy or a plane of energy estab 
lished by an absolute reference elevation device, to con 
trol the elevation of an earth moving or cutting instru 
mentality during moving of the instrumentality in an ap 
ropriate manner relative to an earth surface, as for 

instance, in a direction generally parallel with the refer 
ence plane. Whenever the term or expression energy is 
employed herein it is meant to include not only radiated 
or propagated energy but also energy derived from bar 
ometric forces or gravitational forces. 
Another of the principal objects of the invention is the 

provision of a novel and improved method and appa 
ratus of the character referred to including the use of 
1memory and/or programmed information in the con 
trol of the earth moving instrumentality. 
Another of the principal objects of the invention is 

the provision of a novel and improved method of and 
apparatus for elevation surveying which utilizes informa 
tion sources of the character referred to above. 

Further objects and advantages of the invention will 
be apparent to those skilled in the art to which it relates 
from the following description of the preferred embodi 
ments of the invention described with reference to the 
accompanying drawings forming a part of this specifi 
cation and in which similar reference characters desig 
nate corresponding parts throughout the several views. 

Fig. 1 is a perspective view of an earth grading opera 
tion utilizing the present invention; 

Fig. 2 is an enlarged view of the earth moving ap 
paratus shown in Fig. 1; and 

Fig. 3 is a diagrammatic view of a representative con 
trol mechanism employed. - 

In applying the invention to earth grading, an earth 
moving instrumentality is moved by power means in a 
direction generally parallel with a reference plane of . 
energy which may be established either by a “plane' of 
energy, Such as electromagnetic, supersonic or other 
forms of propagated or radiated energy or by an absolute 
reference elevation apparatus, such as a device respon 
sive to slight changes in gravitational force or bar 
ometric pressure, and the position of the earth moving 
or cutting instrumentality or element relative to the 
reference plane controlled either manually or automati 
cally by information derived from the propagated en 
ergy or absolute reference elevation device. The earth 
moving instrumentality may be of any suitable character 
and may be carried by, attached to, or form a part of a 
Suitable vehicle or the like by virtue of which it may 
be moved in an approproate manner over the surface to 
be graded, etc. 
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For purposes of illustration, there is herein shown and 
described a preferred embodiment of the invention espe 
cially adapted for grading an earth area; for example, a 
field A, such as an air field or a field to be irrigated, to 
a desired plane surface by use of a radiated "plane' of 
electromagnetic energy. An omni-directional antenna B 
connected to a suitable transmitter C transmits elec 
tromagnetic energy equally in all directions in a con 
fined, generally horizontal plane parallel to the plane to 
which the field A is to be graded. The transmitter C 
might comprise conventional short wave or infra-red 
transmission equipment and is provided with a suitable 
power source, not shown. The antenna B may be 
located in or to one side of the field A, as desired, and 
the reference plane of energy, designated generally as 
iD, is established by mechanically positioning the trans 
mitting antenna B to bear a known, fixed, dimensional 
relation to the plane to which the field A is to be graded 
by the earth grading apparatus. The antenna B is 
located remote from the earth grading apparatus which, 
as shown, comprises a vehicle E including an active 
earth moving instrumentality or element in the form of 
an elongated scraper or cutter blade F. A tractor G is 
shown for moving the vehicle E about the field A. The 
position of the lower active edge it of the blade F rela 
tive to the reference plane D is controlled by deviation 
of receiving antennas or sensing units H, H from the 
energy reference plane D. 
The vehicle E shown comprises an elongated, box-like 

body i? supported for movement about the field A by a 
plurality of front and rear wheels i2, 13, respectively, 
and is adapted to move about the field. A to be graded in 
a conventional manner by the tractor G which may be 
of conventional construction. Opposite ends of the 
Scraper or cutting blade F are connected to and carried 
by the lower ends of a pair of connecting rods 16 of 
similarly constructed, vertically positioned, double 
acting, reciprocating type fluid pressure operated motors 
J, the cylinders i7 of which are fixed to opposite sides of 
the vehicle body ai. Suitable bearing brackets also con 
nected to opposite sides of the body assist in guiding 
the connecting rods 16 which move in a generally verti 
cal direction. From the foregoing, it will be apparent 
that opposite ends of the blade F can be independently 
moved with respect to the body 41 of the vehicle E by 
control of the flow of fluid pressure to and from op 
posite ends of the cylinders 7 of the motors J at op 
posite sides of the vehicle. - - - - 
The detectors or sensing units H, H. are located above 

the vehicle proper and are mechanically connected to 
opposite ends of the earth moving blade F so that they 
always occupy the same relative position with respect to 
the lower active edge 0 of the blade F. As shown, the 
Sensing units H, H' are connected to the upper ends of 
rods 20, 29, the lower ends of which are connected to 
the blade. F. The rods 20, 20' are connected to opposite 
sides of the body 11 of the vehicle E by suitable guide 
brackets for movement parallel with the movement of 
the connecting rods i6. The connections between the 
Sensing units H, H' and opposite ends of the blade 16 are 
preferably Such that the relative distance therebetween 
can be adjusted, if desired. 
The electromagnetic energy detectors or Sensing units 

H., H may be of any suitable type. Those shown are of 
the bolometer type; that is, their resistance changes with 
the amount of electromagnetic energy to which they are 
exposed. Each sensing unit comprises two vertically 
spaced, sensitive areas 21, 22 and 21, 22 essentially 
cylindrical in shape so as to be equally sensitive to inci- . 
dent radiation from all directions. The combined sensi 
tive areas of each detector unit is greater in vertical di 
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mension than the width of the radiated “plane” of en 
ergy D. 
The flow of pressurized fluid to and from the motors J. 

is controlled by the detectors or sensing units H, H' 
connected to the corresponding end of the blade F; that is, 
the control of fluid to and-from the motor J at the near 
side of the vehicle, as viewed in Fig. 2, is controlled by 
the sensing unit H and the flow of fluid to and from the 
motor J at the far side of the vehicle by the sensing unit. 
H'. Since the control for both motors is the same, only 
the control for the motor J on the near side of the vehicle 
will be described in detail. Where corresponding parts of 
the control for the motor J on the other side of the 
vehicle appear in the drawings, they are designated by 
the same reference character with a prime mark affixed 
thereto. - 

The two sensing areas 21, 22 of the detector unit H 
are arranged to - form two active arms of a normally 
balanced Wheatstone bridge circuit, designated generally 
as M. When both sensing areas 21, 22 are equally 
"illuminated' by the radiation from the antenna B, the 
resistance of each area is the same and the bridge circuit 
remains in balance with no signal being transmitted to 
the amplifier 25. This condition corresponds to the de 
sired dimensional relation between the reference datum 
plane D established by the omni-directional radiated 
energy and the lower or cutting edge 10 of the active 
earth-moving element or blade F. 

If the position of the cutting blade F is such that the 
midpoint of the detecting or sensing units H does not 
coincide with the plane D of radiated energy, then the 
two sensing surfaces 21, 22 thereof will be unequally 
illuminated and hence the bridge associated therewith will 
be unbalanced. The bridge is supplied with energy from 
a bridge supply circuit 23 which may be connected to 
the power supply 24 from a suitable generator on the trac 
?tor G. Any bridge unbalance signal is applied to an 
amplifier 25 and the output of the amplifier applied to 
one phase of a two-phase induction motor P. The second 
phase of the two-phase induction motor P may be con 
nected to the bridge supply 23. The difference in the 
"illumination' of the two sensing areas 21, 22 will de 
termine the amplitude and polarity of bridge unbalance 
and hence cause a signal to be generated which will be 
related to whether the particular end of the blade F con 
nected thereto is too high or too low. The polarity of 
bridge unbalance determines the direction of rotation of 
the two-phase motor P. The magnitude of unbalance 
determines the angular rotation and contributes to the ini 
tial torque of the motor P in its blade positioning action. 
The motor P is connected to a differential-type pressure 

valve R which controls the flow of pressurized fluid to 
opposite ends of the cylinder 17 of the motor J and main 
tains equal pressure on opposite sides of the piston of 
the motor. As the valve R is moved, the end of the 
blade F to which the motor J is connected is caused to be 
moved up or down, as the case may be. Pressurized 
fluid may be supplied to the valve R from a pump on the 
tractor G by supply and return lines 26, 27, respectively. 
The motion of the blade F tends to restore the mid-point 
of the sensing unit H to the reference datum plane 
established by the radiated energy. The construction is 
such that deviation of the detector H from the reference 
plane supplies a signal which then acts to re-position the 
detector relative to the plane of the reference wave and, 
in turn, the blade F a predetermined distance therefrom. 
The use of two detector or sensing units H., H con 

nected to opposite ends of the earth moving element in 
the manner shown constitutes one specific form of auto 
matic compensator for vehicle attitude; that is, any rota 
tion or movement of the vehicle about its own axes, and 
maintains the active edge 10 of the blade F always paral 
lel with the reference plane D or at a desired predeter 
mined angle thereto. Alternatively a single detector or 
sensing unit may be employed to determine the position 
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4. 
of the blade F with respect to the reference plane or the 
general plane of the vehicle and a suitable device em 
ployed to maintain the blade F level or in the desired 
angular position with respect to the reference plane. 
The vehicle E shown comprises an elevator conveyor 

28, the lower end of which is disposed adjacent to and 
connected to one end of the blade F. The upper end of 
the elevator conveyor 28 is connected to the body 11 by a 
link 29 which permits vertical movement of the conveyor 
and discharges into the rear end of the body 11 of the 
vehicle. The construction is such that excess earth 
accumulated in front of the blade F is transferred by the 
elevator 28 to the vehicle body. Provision is also made 
for supplying earth ahead of the blade F in the event 
there is a depression in the field being graded. For this 
purpose the front end of the body 11 is open as at 30 
and the body 11 behind the opening 30 supplied with a 
conveyor 31 adapted to discharge earth deposited thereon 
as by the elevator conveyor 28 ahead of a scraper blade 
32 located in front of and slightly above the level of the 
blade F. The conveyor 31 may be intermittently actu 
ated, as required, to discharge earth from the body of 
the vehicle ahead of the blade 32 which spreads the same. 
A mechanical tamper or roller, designated generally as 
T, may be employed between the blades F and 32 if it is 
desired to tamp or compact the earth ahead of the blade 
F. The blade 32 includes manually operated means 
which may be provided for adjusting the blade vertically; 
however, it is preferably moved automatically in relation 
to the blade F. This can be accomplished, for example, 
by connecting the blade to a pair of pressure motors U 
similar to the motors J and connecting the motors U in 
parallel circuit with the motors J. 

Obviously there is a maximum cut which the blade 
F is capable of taking, considering the character of the 
vehicle E, the power of the tractor G, the kind of earth 
encountered, and some suitable stop means is provided 
for limiting the maximum depth to which the blade F 
can be moved. If the control system is functioning 
properly, the blade F is maintained at all times in its 
desired position relative to the reference plane of electro 
magnetic energy and the bridge output is zero. If, how 
ever, the cut required at any particular instance is greater 
than the greatest cut which the blade F is capable of 
making, a continuous bridge output signal will exist. 

This signal can be transmitted over a radio link by 
conventionai transmission equipment, not shown, but 
includes the antenna V to a remote unit; for example, a 
self-tracking radar unit W which has as its function the 
recording of the position or location where further grad 
ing must be performed. The amount of fill required 
or excess dirt to be removed can be also recorded, if de 
sired, as this will be a function of the strength and polarity 
of the bridge unbalance signal. The desired information 
can be recorded in graphic form, or the like, and consti 
tutes a memory of performance which can form the basis 
for subsequent direction, etc., of the earth moving ve 
hicle. 
As an alternative construction, the sensing units H, H' 

could be replaced by absolute reference elevation devices; 
for example, gravity responsive or barometric pressure 
operated devices and the location of the blade. F relative 
to the datum plane established thereby determined in a 
similar manner. In this event, the earth moving vehicle, 
as such, could remain the same as may the earth moving 
or cutter blade and its hydraulic positioning mechanism, 
the valve and valve operating motors, and the amplifiers 
for driving them. The radiation sensitive sensing units 
would not be required and the sensing bridge would be 
different. 
with energy and yield an output signal in the same manner 
as the bridge already described. 
Two arms of the new bridge, constituting the ratio 

arms, can be conventional, variable resistors and the 
other two arms may consist of electrical wire resistance 

The new bridge, however, may be supplied 



2,796,685 
5 

strain gauges. One of the strain gauges can be affixed 
to an absolute barometric pressure pick-up or device. 
The other of the strain gauges may serve as a dummy 
to compensate for ambient temperature changes, etc. 
The barometric element may consist of an evacuated 
chamber connected through a flexible bellows arrange 
ment to a rigid member such that variations in atmos 
pheric pressure would cause the rigid member to undergo 
a linear displacement. The electrical wire resistant strain 
gauge forming the active bridge arm would monitor the 
motion of this member. Movement of the member would 
change the resistance of the strain gauge and hence un 
balance the bridge. The barometric element would be 
operatively connected to the cutting blade and changes 
in height thereof would cause changes in pressure which, 
in turn, would vary the resistance of the strain gauge 
forming the active bridge arm and activate the hydraulic 
motors to re-establish the cutting blade at the predeter 
mined desired height or elevation. 
Two barometric sensitive devices, etc., can be em 

ployed, one connected to each end of the blade, and 
automatic compensation for vehicle attitude thus obtained 
in a manner similar to the manner in which it is obtained 
by the use of the two sensing units H, H, etc., of the 
preferred embodiment. 

in operation, the bridge or bridges, as the case may be, 
can be balanced manually by means of the adjustable 
bridge ratio arm resistances, with the cutting blade at 
the desired predetermined height or elevation and the ve 
hicle thereafter moved about the field to be graded. Any 
deviation of the blade or either end thereof, as the case 
may be, up or down from the elevation established, will 
result in a change in pressure on the barometric element 
connected thereto which, in turn, will change the re 
sistance of the active bridge arm associated therewith, 
thereby causing the bridge to produce an output signal 
which will, in turn, activate the automatic positioning 
mechanism to re-position the blade to its original prede 
determined elevation. 

Variations in pressure, due to changing atmospheric 
conditions at any given time, may be compensated for 
by varying the resistance of one of the ratio arms of the 
bridge from a remote location via a radio link over which 
a control signal is transmitted to the vehicle, which sig 
nal is a function of the atmospheric pressure existing at 
a stationary point corresponding with the reference level 
or plane. This atmospheric pressure may be detected by 
a barometric pressure sensitive element similar to that 
referred to above. Variation of this stationary barometric 
preSSL re element can modulate a radio transmitter which 
would transmit a signal to the vehicle, which signal would 
act upon one of the bridge ratio arms so as to compensate 
for the variation in atmospheric pressure due to atmos 
pheric phenomena. 

Programmed type information can be incorporated 
into the System by sending a control signal to the vehicle 
via a radio link so as to vary the resistance of the ratio 
arm of the bridge in accordance with the prescribed 
predetermined program which may be correlated with po 
sition information of the type yielded by the remote radar 
tracking unit previously referred to. 

While a specific type of earth moving apparatus is 
illustrated, any suitable earth moving mechanism may be 
employed; for example, a ditching machine. If the field, 
ditch, etc., is to have a desired inclination or slope, as 
would be the case in leveling a field to be irrigated or 
digging a ditch for a drainage system, the "plane” of the 
radiated energy can be inclined to the desired angle or 
provision can be made for manually or automatically 
changing, in a desired manner, the elevation of the 
reference plane by changing the physical position of the 
radiating antenna or the relative position between the 
earth moving instrumentality and the sensing units or the 
physical position of the absolute reference elevation de 
vices, referring to the alternative arrangement described, 

0 

5 

20 

25 

30, 

35 

40 

45 

50 

60 

70 

75 

6 
with respect to the earth moving instrumentality, or the 
physical position of the so-called stationary, compensat 
ing, barometric pressure element if such is employed. 
For example, the range and angular position of the earth 
moving vehicle can be displayed at the remote radar 
tracking unit W on a cathode-ray tube in a manner known 
as a plan position indicator and photo-electric cells lo 
cated above the plan position indicator so as to be illumi 
nated by light from the spot appearing on the plan posi 
tion indicator, said spot indicating the instantaneous posi 
tion of the earth moving vehicle. As the various photo 
electric cells are successively illuminated, electric sig 
nals can be generated and employed to control hydraulic 
or other mechanism for changing the physical position of 
the radiating antenna, etc., in accordance with any de 
sired predetermined "program.” 
As previously mentioned, the equipment referred to 

can be used to take levels. To do this, a sensing unit 
similar to one of the units referred to can be fixedly con 
nected to a vehicle and the vehicle driven over the de 
sired Surface with a mechanism connected to the output 
of the bridge circuit for recording the amplitude and 
polarity of the signal received therefrom. This signal 
Will be a function of the deviation of the sensing unit 
from the reference plane and hence the record obtained 
will be an indication or record of the ground contour. 
The bridge signal may be recorded on the vehicle and/or 
be transmitted to the self-tracking radar unit for re cording. 
From the foregoing, it will be apparent that the ob 

jects of the invention heretofore enumerated and others 
have been accomplished and that there has been provided 
a novel and improved method of and apparatus for grad 
ing, Surveying, etc. While preferred embodiments of the 
invention have been described in considerable detail, the 
invention is not limited to the apparatus shown and de 
Scribed. Numerous changes can be made therein as 
will be apparent to those skilled in the art to which the 
invention relates; for example, the signals obtained from 
the bridge circuits disclosed and which are, in the pre 
ferred embodiment described, used to automatically con 
trol the position of the earth moving instrumentality with 
respect to the reference or datum plane, could be used 
to actuate a visible indicator, which visible indication 
could, in turn, be employed by an operator to manually 
control the position of the earth moving instrumentality. 
While two embodiments including two different sensing 

Systems have been described in considerable detail, other 
embodiments are contemplated, such as systems employ 
ing, for example, infra-red radiation, phase-difference 
sensing and/or reflected energy and it is my intention to 
cover hereby all adaptations, modifications and uses of 
my invention. 

Having thus described my invention, I claim: 
1. The method of working earth which comprises estab 

lishing a reference plane of energy and utilizing said energy 
plane to control the position of an earth moving instru 
mentality relative thereto while moving said instrumen 
tality in a direction generally parallel to said plane of 
energy. 

2. The method of working earth which comprises 
radiating a plane of energy and utilizing said energy to 
control the position of an earth moving instrumentality 
relative thereto while moving said instrumentality in a 
direction generally parallel to said plane of energy. 

3. In an earth working apparatus, a movable vehicle, 
an earth moving instrumentality carried by said vehicle 
for movement relative thereto, means for establishing a 
reference or datum plane of energy, and means responsive 
to deviation of the earth working apparatus from said 
reference plane for controlling the position of said instru 
mentality relative to said reference plane. 

4. In an earth working apparatus, a movable vehicle 
having a frame, an earth moving instrumentality carried 
by said vehicle for movement relative to said frame, 
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power-actuated means for moving said earth moving in 
strumentality relative to said frame, means for estab 
lishing a reference or datum plane of energy, and means 
responsive to deviation of the earth working apparatus 
from said datum or reference plane for automatically 
controlling said power-actuated means to maintain said 
instrumentality in predetermined position relative to said 
reference plane. 

5. In an earth working apparatus, a movable vehicle, 
an earth moving instrumentality carried by said vehicle 
for movement relative thereto, means remote from said 
vehicle for transmitting a plane of energy, and means on 
said vehicle for utilizing said energy to control the posi 
tion of said earth moving instrumentality relative to said 
plane of energy. 

6. In an earth working apparatus, a movable vehicle 
having a frame, an earth moving instrumentality carried 
by said vehicle for movement relative to said frame, 
power-actuated means for moving said earth moving in 
Strumentality relative to said frame, means remote from 
said vehicle for transmitting a plane of energy, and means 
on said vehicle for utilizing said energy to automatically 
control said power-actuated means to maintain said earth 
moving instrumentality in predetermined position rela 
tive to said plane of energy. 

7. In an earth grading apparatus, a movable vehicle, 
an earth moving instrumentality carried by said vehicle 
for movement relative thereto, means for establishing a 
reference or datum plane of energy, means for detecting 
deviation of the earth grading apparatus from said refer 
ence or datum plane, and means for utilizing said last 
named means to control the position of said earth moving 
element relative to said reference or datum plane. 

8. In an earth working apparatus, a movable vehicle 
including a frame, an earth moving instrumentality carried 
by said vehicle for movement relative to said frame, 
power-actuated means for moving said earth moving in 
strumentality relative to said frame, means remote from 
said vehicle for establishing a radiant energy reference 
or datum plane, and means including a radiant energy 
responsive device on said vehicle for automatically con 
trolling said power-actuated means to maintain said earth 
moving instrumentality in predetermined relative posi 
tion to said reference plane. 
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9. In an earth grading apparatus, a movable vehicle 

including a frame, an earth moving instrumentality carried 
by said vehicle for movement relative to said frame, 
power-actuated means for moving said earth moving in 
strumentality relative to said frame, means for establish 
ing a reference or datum plane of energy, means on said 
vehicle responsive to deviation of the earth grading ap 
paratus from said datum plane, and means controlled by 
said deviation responsive means for automatically con 
trolling actuation of said power-actuated means to main 
tain said earth moving instrumentality in predetermined 
relative position to said reference plane. 

10. In an earth grading apparatus, a movable vehicle 
including a frame, an earth moving instrumentality carried 
by said vehicle for movement relative to said frame, 
power-actuated means for moving said earth moving in 
strumentality relative to said frame, means remote from 
said vehicle for establishing a radiant energy reference 
or datum plane, means on said vehicle responsive to de 
viation of the earth grading apparatus from said datum 
plane, and means controlled by said deviation responsive 
means for automatically controlling actuation of said 
power-actuated means to maintain said earth moving in 
strumentality in predetermined relative position to said 

- reference plane. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

316,396 Plumb ----------------- Apr. 21, 1885 
730,156 Quilling --------------- June 2, 1903 

1,099,385. Linga ----------------- June 9, 1914 
1,486,886. Hammond ------------- Mar. 18, 1924 
2,043,413 Knox, et al. ------------- June 9, 1936 
2,109,475 Fanning ---------- ------ Mar. 1, 1938 
2,340,216 Gill------------------- Jan. 25, 1944 
2,494,069 Steffen ---------------- Jan. 10, 1950 
2,599,490 Seminario --------------. June 3, 1952 
2,636,290 Bell ------------------- Apr. 28, 1953 

OTHER REFERENCES 
American Civil Engineers' Handbook, fifth ed. Pub 

lished by John Wiley and Sons, New York, 1930, pages 
460-463. - 


