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1
PADDLE SENSOR

RELATED APPLICATIONS

This application claims the benefit of Provisional Patent
Application No. 60/576,069 filed on May 31, 2004.

FIELD OF INVENTION

The present invention relates to sensors for detecting the
proximity of material by physical contact, and more particu-
larly, to a sensor for determining a level, distance, boundary,
or height of a material by contacting the material with a
rotating paddle.

BACKGROUND OF THE INVENTION

Rotary paddle sensors are currently used to monitor the
level of dry bulk materials in storage bins, grain hoppers,
silos, and other structures. A bin level indicator usually con-
sists of a small electric motor mounted in a housing, attached
to a paddle with one or more vanes that drives the paddle. The
paddle is able to freely rotate in absence of material. But when
the paddle is impeded by material, the motor rotates within a
housing which triggers a mechanical switch. The switch turns
offthe motor and also gives an indication that the material has
reached the level of the paddle. U.S. Pat. Nos. 2,851,553,
3,941,956, and 4,095,064 describe such mechanism which
responds to stalling of the motor due to the level of the bulk
material.

U.S. Pat. No. 4,211,966 describes an improvement using a
spring coupling which provides a time delay feature, but the
invention still utilizes the stalling of the motor. U.S. Pat. No.
4,318,624 describes a slip clutch mechanism between the
paddle and the motor, but still relies on movement of the
motor to engage a mechanical switch. The slip clutch prevents
possible damage to the electric motor due to the stoppage of
the paddle if the switches do not turn off the motor.

U.S. Pat. Nos. 4,827,768 and 4,884,444 show multiple
paddles on a driven shaft to indicate a level of a fluid, but the
paddles are fixed to the driven shaft and the level is deter-
mined by the torque needed to overcome the fluid resistance.
The invention would not work with dry bulk material such as
grain or with other solid matter.

U.S. Pat. No. 4,375,020 describes a friction clutch that
isolates the motor from the paddle, but the invention also
relies on the rotation of the motor to engage a mechanical
switch. U.S. Pat. No. 6,696,965 employs the same technique
as in the previously described designs, but instead of using
mechanical switches U.S. Pat. No. 6,696,965 uses a magnetic
pickup to indicate the movement of the motor.

The past rotary paddle sensors have several drawbacks.
They rely on the movement of the electric motor to engage
mechanical contact switches which are prone to wear out and
fail, causing the electric motor to overheat. The movement of
the electric motor within housing requires intricate mechani-
cal design and is also prone to wearing out. The bin level
rotary paddle designs are limited to indicate one specific level
since the design relies on a close coupling between a single
motor and the paddle. In the multiple paddle designs, the
designs are limited to determining only fluid level.

There is consequently a need for a form of rotary paddle
sensor that eliminates reliance on movement of the electric
motor itself which would simplify the mechanical design and
allow for use of other driving mechanisms. There is also a
need to eliminate any possible overheating of the motor and
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failure of the mechanical switches. Moreover, it would be
desirable for such a sensor to have the ability to indicate more
than one specific level.

SUMMARY OF INVENTION

Itis therefore a general object of the invention to overcome
the disadvantages of the prior art form of rotary paddle sen-
SOIS.

One object of the invention is an apparatus for detecting a
substance such as dry bulk materials with a rotating paddle
coupled to a drive shaft by a slip clutch mechanism, and a
sensor detecting the movement of the paddle. If the substance
impedes the rotation of the paddle with respect to the driven
shaft, the sensor would detect such movement.

In addition to detecting a substance, another of object of
this invention is for detecting a boundary between two sur-
faces such as mowed or unmowed vegetation by using a
plurality of paddles on a driven shaft. Each paddle is coupled
to the shaft’s motion by a slip clutch mechanism. The sensor
detects the paddles impeded by the drag caused by passing
over a first surface, such as unmowed vegetation, versus the
paddles that are not impeded due to passing over a second
surface, such as mowed vegetation.

Another object of this invention is to determine the dis-
tance from a solid or flowable material by using different
length paddles. The longer length paddles would be impeded
by the material prior to shorter length paddles. By having
pre-determined length paddles, a sensor can detect the
paddles that are not impeded by the material and output a
distance to the material.

Another object of this invention is to measure the level for
a flowable material by detecting the paddle or paddles on a
vertical shaft impeded by the drag caused by the flowable
material.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a front view of the present invention with an
obstruction and the hall-effect sensor mounted on the hub;

FIG. 1B is a side view of the present invention showing the
location of the magnets and hall-effect sensor;

FIG. 2 is a front view of the present invention showing the
hall-effect sensor mounted off the hub;

FIG. 3 is a front pictorial view of an embodiment with
multiple paddles use in a bin to measure the level of bulk
material such as grain;

FIG. 4 is a graphical plot of the output of the embodiment
in FIG. 3 respect to the number of paddles in the material;

FIG. 5A is a side view of a rigid paddle;

FIG. 5B is a side view of a flexible paddle;

FIG. 6A is a front view of a wide paddle;

FIG. 6B is a side view of a wide paddle;

FIG. 7A is a front view of a narrow paddle or rigid wires;

FIG. 7B is a side view of a narrow paddle or rigid wires:

FIG. 8A is a front breakout view illustrating a magnetic slip
clutch mechanism;

FIG. 8B is a front breakout view illustrating a friction slip
clutch mechanism;

FIG. 8C is a front breakout view illustrating a viscous slip
clutch mechanism;

FIG. 8D is a front breakout view illustrating a electromag-
netic slip clutch mechanism;

FIG. 9A is a pictorial view illustrating the magnetic pickup
sensors arrangement;

FIG. 9B is a pictorial view illustrating the optical pickup
sensors arrangement;
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FIG. 9C is a pictorial view illustrating the magnetic pickup
sensor arrangement mounted on the shaft;

FIG. 10 is a block diagram of the controller scheme using
hall-effect pickup sensors and analog circuitry;

FIG. 11 is a block diagram of the controller scheme using
hall-effect pickup sensors and a microcontroller;

FIG. 12 is a front pictorial view of an embodiment detect-
ing the distance to the wall;

FIG. 13 is a front pictorial view of an embodiment detect-
ing a row of vegetation such as corn;

FIG. 14 is a front pictorial view of an embodiment detect-
ing the boundary between mowed and unmowed vegetation;

FIG. 15 is a graphical plot of the output of the embodiment
in FIG. 14 respect to the number of paddles that are in the
mowed and unmowed vegetation;

FIG. 16 is a front pictorial view of an embodiment detect-
ing the edge of a concrete curb;

FIG. 17 is a front pictorial view of an embodiment detect-
ing the row of vegetation such as strawberries;

FIG. 18 is a front pictorial view of an embodiment detect-
ing the boundary between plowed and unplowed field;

FIG. 19A is a top pictorial view of an embodiment detect-
ing a boundary between mowed and unmowed vegetation
where there is a gap in the vegetation;

FIG. 19B is a side pictorial view of an embodiment detect-
ing a boundary between mowed and unmowed vegetation
where there is a gap in the vegetation;

FIG. 20 is a block diagram of the embodiment integrated
with a vision sensor;

FIG. 21 is a block diagram of the embodiment integrated
with a GPS sensor;

FIG. 22 is a block diagram of the embodiment integrated
with other sensors:

FIG. 23 is a partial front pictorial view of an embodiment
detecting the height from the ground or horizontal surface;

DESCRIPTION OF INVENTION

FIG. 1A shows a diagram of the preferred embodiment of
the invention. A paddle 34 is installed on a rotating shaft 46
and coupled to the shaft’s motion by a hub 36 which is
physically connected to the rotating shaft 46. The coupling
mechanism between the hub 36 and the paddle 34 is a mag-
netic attractive force between the permanent magnets 64 and
the magnetic material 62 placed on the paddle 34. As the shaft
46 rotates, the paddle 34 rotates with the shaft 46 because of
the magnetic coupling force. A hall-effect sensor 40 is
mounted on the hub 36 that rotates with the shaft 46. In this
configuration, the sensor 40 rotates with the shaft 46 and
detects the relative motion between the paddle 34 and the
shaft 46. The sensor output 170 which comes from the sensor
40, via wires 171 through the slip ring 163, gives relative
motion and is zero when the shaft 46 and the paddle 34 are
moving together. When a substance 100 is placed in the path
of'the rotating paddle 34, the magnetic force coupling the hub
36 to the paddle 34 is not sufficient to overcome the drag on
the paddle 34 caused by the substance 100. The paddle 34
does not rotate relative to the shaft 46. Since the hub 36 is still
rotating, the sensor 40 detects the rotation of the hub 36 with
respect to the paddle 34 and outputs on line 170 a signal every
time the sensor 40 passes by the magnetic material 62. The
preferred embodiment therefore can detect substances
impeding the movement of the paddle 34 by output a signal on
line 170. If no substance is impeding the paddle 34, there
would be no signal on line 170.

FIG. 1B shows the side view of the preferred embodiment.
In this view, the sensor 40 is shows on one side of the hub 36
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and the permanent magnets 64 are show on the opposite sides
of each other. The resolution of the signal can be varied by
changing the shaft speed or the number of magnetic materials
62.

In another embodiment, shown FIG. 2, the sensor 40 is not
attached to the rotating shaft 46, but mounted stationary par-
allel to the rotating paddle 34. In this embodiment the metallic
or magnetic material 60 is attached to the paddle 34 so that
when the paddle 34 rotates, the sensor 40 detects the move-
ment of the paddle 34 rotating with the shaft 46. The paddle
34 may be made of metallic material and the added material
60 not needed. The magnets 64 and magnetic material 62
attract each other and hold the hub 36 which is attached to the
shaft 46 to the paddle 34. As the shaft 46 rotates, the hub 36
and paddle 34 rotate with the shaft as long as there is no
resistance to motion of the paddle 34. If resistance to the
paddle motion is encountered, the shaft 46 continues to rotate,
but the paddle 34 does not or rotates at a slower rate. Sensor
40 detects the motion of the paddle by magnetic means and
indicates whether the paddle is moving or not moving. In this
embodiment, the output 44 of the sensor 40 provides a signal
when the paddle 34 is moving and no signal when the paddle
is impeded by a substance.

Another embodiment 700 of the invention shown in FIG. 3
indicates the level of bulk material 100 such as grain or oil in
a container 702. The vertically mounted paddle sensor 700
detects the level of material 100 by the number of rotating
paddles 34 that are not impeded by the material 100. In this
embodiment, the motor 30 drives the shaft 46 and the hubs 36
at a predetermined speed. The hubs 36 are coupled to the
paddles 34 by a magnetic clutch as shown in FIG. 2. The
paddles 34 rotating motion is detected by sensors 94 and sent
to a controller 50. The controller 50 processes the information
from the sensors 94 compares it with the stored pre-deter-
mined speed and indicates which paddles are not moving. The
output a signal on line 52 indicates the level of the material
100 in the container 702.

FIG. 4 illustrates the output signal on line 52 from the
controller 50 shown in FIG. 3. If all the paddles are rotating,
the signal would be zero, indicating the material 100 has not
reached the lowest paddle 35. If lowest paddle 35 is not
moving, the output signal would be at level ‘A’. If two paddles
are not moving, the output signal 52 would be at level ‘B’. If
all paddles are not moving, the output would be at level ‘E’
indicating that the material has reached the highest level. The
output signal 52 depends on the total number of paddles 34,
the width and spacing of paddles 34, and the number of
paddles in the material 100.

FIGS. 5A and 5B show variations of the design of the
paddles. FIG. 5A shows a rigid paddle 80 whereas FIG. 5B
shows a flexible paddle 82. Applications for a rigid paddle 80
would be in flowable material such as grain, oil, etc. Appli-
cations for a flexible paddle 82 would be to detect rigid
substances such as a sidewalk curb, unmowed vegetation,
ground, etc. In addition, the paddle may be formed of sturdy
or flexible wires, rods, spokes, etc.

FIGS. 6A and 6B show two views of wide paddle 83. FIGS.
7A and 7B show two views of a very narrow paddle 130.
Different paddle widths allow different surfaces to be
detected; also, the width and spacing of the paddle are two
factors determining the resolution of the output.

All types of paddles can be used in the paddle sensor.
Different widths of the paddle can also be used in the same
paddle sensor for a nonlinear output of the sensor. There may
be only one paddle or multiple paddles on the same paddle
wheel. Different lengths of the paddle can be used on the
multiple paddle wheels.
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FIGS. 8A, 8B, 8C, and 8D show several different methods
of coupling the shaft 46 to the paddle 34. The coupling
mechanism is a slip clutch device that holds the rotating items
together until the torque or rotational force between the two
items exceeds a set value. The set value can be pre-deter-
mined, variable, or programmable. The coupling depends on
the application and its needs to be firm enough to allow the
paddle 34 to rotate with the hub 36 which is attached to the
shaft 46 when no obstruction to the paddle 34 exists. How-
ever, if the paddle 34 is prevented from movement or less
movement, the coupling would allow the hub 36 to move
freely with the shaft 46 even though the paddle 34 is not. FIG.
8A shows the magnetically coupled hub 36 with the paddle
34. FIG. 8B shows a friction coupled hub 139 to the paddle
110. FIG. 8C shows a vicious coupled hub 124 to the paddle
120 by a fluid 122. FIG. 8D shows an electromagnetic cou-
pling mechanism where the attractive forces between an elec-
tromagnetic coil 39 and the magnetic material 62 can be vary
by the electric current driven into the electromagnetic coil 39.
The coupling forces can be easily be altered via the electric
current for different applications. Also, the electromagnetic
coil 39 can have a dual use and be used as a sensor to detect
relative movement between the shaft 46 and the paddle 34 in
addition being part of the slip clutch mechanism. Other slip
clutch mechanisms such pneumatic, hydraulic, etc. can be
employed to allow the paddle 34 to move with the shaft 46
when no obstruction to the paddle 34, but if obstruction, the
paddle 34 would not move with the shaft 46.

FIGS.9A, 9B, and 9C show different sensors for detecting
the rotating motion of the paddles. In FIG. 9A, magnetic
sensors 40 detect the rotation of paddles 34. In FIG. 9B,
optical sensors 140 detect the paddles’ rotation. In FIG. 9C,
magnetic sensors 141 detect the paddles’ rotation, but the
magnetic sensors 141 are installed into a hollow shaft 47 and
uses slip rings 143 to provide an output. Other schemes to
detect a rotating shaft can be used in addition to the ones
mentioned, such as capacitive sensor or inductive sensor, for
example.

In the module design 50, FIG. 10 shows implementation
using standard logic circuitry. Comparators 202 compare the
information from the sensor 200 with the information from
the reference sensor 201 or pre-determined speed. If the out-
puts of the two sensors rotate at similar speeds, the output 203
from the comparator 202 would be low. Ifthey are at different,
the output after proper filtering would be high. Summing
these output values in an adder circuit 206 with weighted
values would give an output 52 that shows the number of
paddles 40 in the obstruction.

FIG. 11 shows use of a microcomputer 51 instead of the
logic circuitry of FIG. 10. The microcomputer 51 would be
programmed to accomplish the logic circuitry design. The
reference sensor 220 is not needed if the magnetic sensors 210
detect relative motion instead of actual rotating motion or
pre-determined shaft speed is used.

In another embodiment, the paddle sensor 600 is designed
to detect the distance from a wall structure. FIG. 12 shows
such an arrangement. Here, the motor 30, paddles 92, sensors
94, and hubs 96 are mounted vertically and parallel to the wall
surfaces 90. The paddles 92 have varying lengths, from the
long ones to short ones. The module 50 would detect the
number of paddles 92 via sensors 94 that are moving at the
same rate as the shaft 98. By processing this information, the
module 50 outputs on line 52 the distance from the wall 90.

FIG. 13 show another application of the paddle sensor. Two
vertically mounted paddle sensors 122 and 123 are mounted
such that each paddle sensor is on one side of a crop 125 such
as corn. The combination sensor 750 would determine where
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the crop 125 is relative to these two sensors 122 and 123. The
combination sensor 750 would provide output so that a
vehicle such as a tractor with a crop attachment to follow the
row of crops via an automated steering system.

FIG. 14 shows a block diagram of another embodiment 500
of'the invention. A motor 30 drives a shaft 46 which is physi-
cally connected to the hubs 36. The hubs 36 are magnetically,
mechanically, fluidly, or similarly coupled to the paddles 34.
The sensors 40 detect the motion of the rotating paddles 34. A
reference sensor 41 detects the motion of the shaft 46. The
module 50, via lines 44, compares the motion detected by the
sensors 40 to the motion detected by the reference sensor 41
and determines which paddle is moving at a similar velocity
as the shaft 46. The output 52 of the module 50 is the detected
boundary 37 and the number of paddles 34 that are moving
and not moving relative to the shaft 46. The vegetation 38 that
is not mowed will prevent the paddles 34 from moving as fast
as the shaft 46. The paddles 34 that are in area of the mowed
vegetation 32 will move similarly to the shaft 46.

FIG. 15 show the output 52 where the overall paddle sensor
500 detects the boundary between the mowed vegetation 32
and the unmowed vegetation 38 in FIG. 14. The output signal
52 depends on the number of paddles 34 that are in the
unmowed vegetation 38, compared to the number of paddles
34 that are not. As an example, if a total of six paddles are used
and four are in the mowed vegetation 32, then the output is
would indicate one step to the left, i.e. level ‘A’ in FIG. 15. If
equal number of paddles 34 are detected in the mowed 32 and
unmowed vegetation 38, then the output signal would be even
or zero in this case. The output signal 52 indicates the position
of the paddles 34 relative to the boundary 37. The signal 52
depends on the total number of paddles 44, the width of the
paddles 34, and the number of paddles in the substance, in this
illustration, vegetation.

FIG. 16 shows another paddle sensor 550 which is similar
to paddle sensor 500 except for having flexible paddles 72.
The paddle sensor 550 detects the edge 71 of the curb on a
sidewalk 70 or roadway. In this embodiment, the paddle sen-
sor 550 determines how many flexible paddles 72 are on the
curb. The number of flexible paddles 72 that are on the curb 70
determines the position of the paddle sensor 550 relative to
the edge 71 of the curb 70.

FIG. 17 shows another embodiment where the paddle sen-
sor 800 is used to detect the center of foliage 105, such as a
strawberry row. Here, the paddle sensor 800 is centered over
the foliage 105 and gives an indication of which paddles are
moving on the two sides. Output 852 from the paddle sensor
800 indicates the center of the foliage 105 and the deviation
from the center.

FIG. 18 shows a paddle sensor 900 that’s detects the
boundary 118 between a plowed area 112 and unplowed area
116 of a field. The paddle sensor 900 may be used to steer a
tractor along a furrow via an automated steering system.

FIGS. 19A and 19B shows top and side views of the paddle
sensor 150 moving over a gap 156 in the two surfaces 154 and
152 (such as cut and uncut grass) where there is no boundary
to be detected. To overcome this concern, the paddle sensor
150 is programmed to output the boundary position based on
previous process data until the boundary is again detected.

FIG. 20 shows combining the output 186 from a vision
sensor 180 with the output 52 of the paddle sensor 150, via a
Kalman filter 188, to provide an output 190 when the paddle
sensor is over the gap 156. The vision sensor 188 looks
beyond the gap to provide this determination.

The paddle sensor 150 can also be combined with other
sensors to overcome the gap 156 in the boundary area. F1G. 21
shows such arrangement. In this embodiment, the output 52
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of the paddle sensor 150 is combined with the output 166 of
aGPS sensor 160, using a Kalman filter circuit 168 to provide
an output 190 of the boundary 158 even if the gap 156 is
present, as shown in FIGS. 19A and 19B. The GPS sensor 160
receives signals from the satellites 162 via the GPS antenna
164 and processes these signals to provide an indication of the
GPS sensor location.

FIG. 22 shows that the outputs 196 and 198 from other
sensors such as sensor A 193 or sensor B 192 that can be
combined with the output 52 of the paddle sensor 150 to
provide an indication of the boundary 158. Sensors A and B
can each be for example vision sensor, GPS sensor, DGPS
sensor, compass sensor, navigation sensor, gyro sensor, mag-
netic sensor, or mechanical sensor.

Orienting the vertical paddle sensor of FIG. 23 horizontal
to the ground, forms another embodiment of the invention.
FIG. 23 shows a height sensor where the paddles 34 are
aligned perpendicular to the ground 107 with various lengths
of' paddles, and the rotating shaft 46 is aligned parallel to the
ground 107. In a manner similar to the previously described
embodiments, sensors can detect the paddles that are not
moving and therefore provide an indication of the distance
that the rotating shaft 46 is close to the ground 107.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be consid-
ered in all respects as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims
rather than the foregoing description.

What is claimed and desired to be secured by Letters Patent
of the United States is:

1. An apparatus for detecting a substance, said apparatus
comprising:

a) a rotating shaft;

b) a rotatable member;

¢) a slip clutch coupling said shaft to said rotatable member

in rotating engagement; and

d) electronic sensor means for detecting impeded rotation

of said rotatable member relative to said shaft due to
slippage of said clutch in response to said rotatable
member contacting said substance without stoppage of
said shaft.

2. The apparatus of claim 1, wherein said rotatable member
is a rigid paddle.

3. The apparatus of claim 1, wherein said rotatable member
is a flexible paddle.

4. The apparatus of claim 1, wherein said slip clutch is an
electromagnetic, a magnetic, a pneumatic, a hydraulic, or a
friction slip clutch mechanism.

5. The apparatus of claim 1, wherein said sensor means for
detecting impeded rotation is an optical, magnetic, capaci-
tive, or inductive sensor.

6. The apparatus of claim 1, further comprising:

a drive motor which rotates the shaft.
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7. The apparatus of claim 1, wherein said slip clutch is an
electromagnetic slip clutch, and said sensor means comprises
an electromagnetic coil of said slip clutch.

8. The apparatus of claim 1, wherein said sensor means
outputs the level of the substance in a container, or the dis-
tance from a reference point on the apparatus to a surface of
the substance.

9. The apparatus of claim 1, wherein said sensor means
comprises an integrated circuit or a microcontroller.

10. The apparatus of claim 1, wherein said substance is
vegetation, plowed furrow, sidewalk, wall, flowable material,
or ground.

11. An apparatus for detecting a boundary between a first,
relatively higher surface, and a second, relatively lower sur-
face, said apparatus comprising:

a) a rotating shaft;

b) a plurality of rotatable members mounted on said shaft;

¢) aplurality of slip clutches, each said slip clutch coupling

said shaft to one of said rotatable members in rotating
engagement; and

d) sensor means for detecting impeded rotation of said

rotatable members due to slippage of said clutches in
response to contacting said first, relative higher surface,
but not contacting said second, relative lower surface.

12. The apparatus of claim 11, wherein said sensor means
is integrated with GPS, DGPS, vision, compass, or other
sensors to indicate the boundary when a gap in the surfaces is
present.

13. An apparatus for measuring a distance from a reference
point on the apparatus to a surface of a material, said appara-
tus comprising:

a) a rotating shaft;

b) a plurality of rotatable members mounted on said shaft;

¢) aplurality of slip clutches, each said slip clutch coupling

said shaft to one of said rotatable members in rotating
engagement; and

d) sensor means for deriving the distance by detecting

impeded rotation of said rotatable members due to slip-
page of said clutches in response to contact with said
material.

14. An apparatus for measuring the level of a flowable
material in a container, said apparatus comprising:

a) a rotating shaft;

b) a plurality of rotatable members mounted on said shaft;

¢) aplurality of slip clutches, each said slip clutch coupling

said shaft to one of said rotatable members in rotating
engagement; and

d) sensor means for deriving the level by detecting impeded

rotation of said rotatable members due to slippage of
said clutches in response to contact with the material.

15. The apparatus of claim 13, wherein said material is
floor material, wall material, curb material, ground material,
road material, or surface material.
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