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SAMPLING SYSTEM

The present invention relates to a sampling system to obtain a sample ot particulate
matertal like grain or some other crop material and more particularly to a sampling
system that can obtain a number of individual samples of substantially siumilar particulate

matenal.

BACKGROUND

Accurate acquisition, splitting and tracking of grain samples 1s an industry wide problem

in the agriculture cector that can result in the grain that 1e delivered being different than
the sample the grdin was purchased is based on. The problem can si€m rom innaccutate

and/or inconsistent grain sampling coupled with innaccurate sample splitting.
DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention 1s deseribed below with reference to the

accompanying drawings, in which:

FIG. 1 is a perspective view of a material conveyor in the form of a conventional

grain auger using a sampling system;
FIG. 2 is a side view of a sample extractor;

FIG. 3 is a schematic cutaway illustration of the sample extractor;
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FIG. 4 15 a schematice illustration of a sample divider;

FIG. 515 a schematic tilustration of a sample processing module of the sampling

system,;

FIG. 615 a flow chart of a method of taking a particulate material sample over

regular sampling intervals;

IF1G. 7 1s a tlow chart of a method of taking a particulate matenal sample and

using a flow rate sensor to determine sampling intervais;

FIG. €1c a data structure dingram one embodiment of a data structure used to

Stor¢ information about a s¢t of sample; and

FIG. 9 is a flowchart of a method for collecting the information that can be stored

in each sample record.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

FIG. 1 illustrates a matenal conveyor 10 using a material sampling system 100 to obtain a
number of substantially similar samples of particulate material transported by the
material conveyor 10, Although the material conveyor 10 1s iMllustrated as a grain auger in
FIG. 1, the sampling system 100 could also operate with grain conveyor, swing auger, leg

type grain/matertal elevator, combine harvester, grain bagger, etc.
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The matenal conveyor 10 allows particulate material such as grain or other crop matenal

to be unloaded from one pnlace, such as from a gramn truck, storage bin, etc. and loaded

into another location such as a storage bin, grain truck or trailer for transport, etc.

The matenial convevor 10 can have an intake end 20 and a discharge end 30 with a

conveying section 40 connecting the intake end 20 and the discharge end 30. Particulate

material, such as grain or other crop matenal, can be introduced into the mtake end 20 of
the material convevor 10 where this particuiate material will then travel up the conveying
section 40 and be discharged out the discharge end 30 of the material conveyor 10. The
mntake end 20 of the matenial conveyor 10 can include a hopper 22 where particulate

maternial can be introduced into the intake end 20 of the material convevor 10. Tvpicallv,

the hopper 22 1s constructed such that it is low enough for collecting particulate matertal

from a grain truck, hopper trailer, etc.

Because the matenal conveyor 10 shown in FIG. 1 1s an auger, the conveying section 40
will include a conveyor tube 42 and flighting (not shown) provided inside the conveyor
tube 42. The tlighting is rotated and as it rotates it lifts particulate material from the

intake end 20 up the conveying section 40 to the discharge end 30 of the material

CONVevor,

[f the material conveyor 10 is a conveyor, the conveying section 40 can include a
conveyor tube and a conveyor belt running through the conveyor tube to lift particulate

‘material up the material conveyor 10 to the discharge end 30 of the matenal convevor 10,
254462.v1
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The discharge end 30 of the material conveyor 10 can contain a discharge spout 32 to
direct the discharging particulate material that is exiting the discharge end 30 of the

material conveyor 10 into a specific direction, such as into a grain bin, etc.

Typically, the material conveyor 30 will include a number of wheels 50 so that the

maternial conveyor 10 can be moved from place to place.

The sampling system 100 that is used in conjunction with the material conveyor 10 can

include a sample extractor 200, a sample transfer conduit 110, 2 sample processing

module 300: an interface device 150, a sample divider 400 and a collector 130.
Particulate material discharging from the materiai conveyor 10 passes through the sampie
extractor 200 where a small portion of this discharging particulate matenal can be

removed from the discharging flow of particulate material. This small portion of

particulate material can be directed to the sample transfer conduit 110 to the sample

divider 400 which will collect a number of substantially similar samples of the particulate
material. Any particulate material that is directed to the sample divider 400 but 15 not
collected as a sample by the sample divider 400 can be collected or even directed back

into the matenal conveyor 10.

The sample processing module 300 can be used to control the operation of the samphing

system 100 and the sample processing module 300 can be accessed through interface

device 150.
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In one aspect, the sample divider 400 and the sample processing module 300 can be

erouped together physically in a sample collection module 500 for ease of transport and

us<.

FIGS. 2 and 3 illustrates the sample extractor 200 provided at a discharge end 30 of the
material conveyor 10. The sample extractor 200 can be provided below the discharge

spout 32 on the discharge end 30 of the material conveyor 10 so that particulate material
being discharged from the material conveyor 10 out of the discharge spout 32 will be

discharged into the sample extractor 200 so that all of the particulate material will pass

through the sample extractor 200.

The sample extractor 200 can have an open top 210, a cylindnical body 220 and an open
bottom 230 which together form a passage 240 through the sample extractor 200 that the
particulate material will pass through. One or more sampling members 250 can be
connected to shaft 260 provided in the middle of the passage 240 formed in the
cylindrical body 220. A first end 252 of the sampling member 250 can be connected to
the shaft 260 so that the sampling member 250 extends outwards form the shaft 260
towards an inner. wall 222 of the cylindrical body 220. The sampling member 250 can be
2 length that results in a second end 254 of the sampling member 250 being positioned
proximate the inner wall 222 of the cylindncal body 220 with very httle space between
the second end 254 of the sampling member 250 and the inner wall 222 of the sample

extractor 200.
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The sampling member 250 can have a U-shaped cross section where this U~shaped ¢ross
section is open at the second end 254. The sampling member 250 can be positioned so
that the U-shaped cross section forms a channel in the sampling member 250 with the
open top of the channel facing the open top 210 of the sample extractor 200 so that some
of the particulate material entering the open top 210 of the sample extractor 200 and
falling through the cylindrical body 220 will fall into the open channel in the sampling

member 250 and be contained in the channel.

An electric motor 270 can be attached by a belt 272 to the shaft 260. The motor 270 can
rotate the belt 272, which in turn will rotate the shaft 260. As the shaft 260 rotates, the
sampling member 250 can rotate through the cross-section of the sample extractor 200
and therefore rotate through the flow of particulate matenal passing through the
cylindrical body 220 of the sample exiractor 200 before it 1s discharged out the open

bottom 230 of the sample extractor 200. Some of the particulate matenal will collect n

the channel formed by the sampling member 250 as the sampling member 250 rotates

through the discharging parficulate matenal.

A first opening 280 and a second opening 281 can be provided in the cylindrical body
220 of the sample extractor 200 so that particulate material that has fallen into the
channel formed by the sample member 250 can be discharged out of the sample extractor
200 through this first opening 280 and second opening 281 rather than exiting through the

open bottom 230 of the sample extractor 200 like the other particulate matenial. The first

254462, v1
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opening 280 and the second opening 281 can be positioned so that they align with the
second end 254 of the sampling member 250 as it rotates past the place in the inner wall
222 the first opening 280 and second opening 281 are provided. In one aspect, the first
opemng 280 and the second opening 281 can be positioned approximately 180° from one

another in the inner wall 222 of the sample extractor 200 so that the first opening 280 and

the second opening 281 are diametrically opposed in the inner wall 222 of the sampling

extractor 200.

Although, the rotation of the sample member 250 can cause any particulate material in
the open channel formed by the sample member 250 to move from the first end 252 of
the sample member 250 towards the second end 254 of the sample member 250 as a
resull of centripetal force, in one aspect, the sample member 250 can be sloped
downwards so that the particulate material will move towards the second end 254 of the
sample member 250 by gravity without requiring as much or any centripetal force At the
open second end 254 of the sample member 250 the particulate matenal can shide off the

sample member 230 towards the inner wall 222 of the sample extractor 250. With the
sample member 250 positidned with the second end 254 of the sample member 250 in
front of cither the first opening 280 or the second opening 281, the particulate matenal
falling off the second end 254 of the sample member 250 can fall through either the first

opening 280 of the second opening 281 (depending on which one the second end 254 of
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the sample member 250 is positioned in front of) in the inner wall 222 of the sample

extractor 200.

In one aspect, a position sensor 298 can be used with the samplie member 250. This

position sensor can allow the sample extractor 200 to rotate the sample member 2350
through one 180° rotation. This, in addition to a downwards slant of the samplc member

250, can allow the sample extractor 200 to rotate the sample member 250 through 180° to
take a sample, ending the rotation of the sample member 250 either at the first opening
280 or the second opening 281 in the sample extractor 200. For example, the sample
member 250 can be rotated so that the second end 254 of the sample member 250 can be

positioned adiacent the first opening 281 allowing the particulate matenal that has

collected in the sample member 250 can slide down the sample member 250 and out the
first opening 280. The sample member 250 can then be rotated another 180° so that the
second end 254 of the sample member 250 can be positioned in front of the second

opening 281 and particulate material that has fallen into the sample member 250 duning

its sweep 1o this position can slide down the sample member 250 and through the second

openmng 281.

In one aspect, the sample member 250 can be positioned under a deflector 290 when not

in use and positioned with the second end 254 of the sample member 250 1n front of
either the first opening 280 or the second opening 281. The deflector 290 can cover the

sample member 250 so that particulate matenial falling through the sample extractor 200

253402 v}
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will contact the deflector 290 and be prevented from filling the sample member 250 when
a sample 1s not being taken by the sample extractor 200. In this manner, the sample
member 250 1s not exposed ta the flow of particulate material when a sample is not being
taken, but rather, only when it is in its 180° rotation between the first opening 280 and the

second opening 281.

[n one aspect, the power being supplied to the motor 270 in the sampling extractor 200
can be controlled by the sample processing module 300 allowing the sample processing
module 300 to control the supply of power to the motor 270 and thereby control when the

sample member 250 rotates through the discharging particulate material in the sample
extractor 200. This allows the operation of the motar 270 to be controlled by the sample

processing module 300 and thercfore control when the sample extractor 200 will and will
not extract samples of particulate matertal to be directed to the first opening 280 and

second opening 281 and into the sample transier conduit 110.

The sample extractor 200 can also mclude a number of sensor to obtain information about

the particulate material flowing through the sample extractor 200. The sample extractor
200 can include a flow sensor 292 to detect the flow of particulate material through the
sample extractor 200 and in one aspect may even determine a flow rate of the particulate
material passing through the sample extractor. A moisture sensor 294 can be provided in

the sample extractor 200 to determine the moisture content of the particulate material
254462.v1
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passing through the sample extractor 200. The sample extractor 200 can also include a

temperature sensor 296 for measunng the temperature of the particulate matenal passing

through the sample extractor 200.

Referring again to FIG. 1, the opening 280 in the inner wall 222 of the sample extractor
200 can be connected to the sample transfer conduit 110 so that particulate material flows
out of the sample extractor 200 through the opening 280 will enter the sample transfer

conduit 110,

The sample transter conduit 110 can run between the sample extractor 200 and the
sample divider 400 and convey any particulate material sampled by the sample extractor
200 to the sample divider 400. The sample collection module 500 cén be positioned
relative to the sample extractor 200 so that the sample transfer conduit 110 has a steep

ennough angle that particulate material will fall down the sample transfer conduit 110 by

gravity and enter the sample divider 400.

In one aspect, wining can be run along the sample extractor 200 so that the wiring can be
connected between the sample extractor 200 and the sample processing module 300.

This can allow the sample processing module 300 to send power to the motor 270 of the

sample extractor 200 and obtain signals from the various sensor in the sample extractor

200,
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Reternng to FIG. 4, the sample divider 400 can have a Sarnpling conduit 410 with an inlet
412 and an outlet 414. The sample transfer conduit 110 can be attached to the sample
divider 400 at the inlet end 412 of the sampling conduit 410 or alternatively it can be a
portable module that can be set up adjacent to the material conveyor 10 and connected to

the other components in the sampling system 100.

A metering device, such as a metering wheel (either active or passive) could be used at
the inlet end 412 of the sampling conduit 410 to steady out the flow of particulate

matéerial through the sampling conduit 410.

A series of openings 420 can be provided along a bowom of the sampiing condult 410,
Each opening 420 can lead to an associated sample collection cavity 430. As particulate
material passes through the sampling conduit 410 some of it falls through the openings
420 and into the associated sample cawvities 430 where it will collect in the sample
cavities 430 and éventualiy fill the sample cavities 430. When the sample cavities 430
are full of particulate matental, the sample cavities 430 can be filled nght up to the their
associated openings 420 connecting each sample collection cavity 430 with the Sample
conduit 410 and additional particulate material entering the sample conduit 410 will
simply flow through the sample conduit 410 to the outlet 414 because no more particulate
material can enter any of the sampling cavities 430 through the openings 420 because the

sampling cavities 430 are already filled with particulate material.

2544062, vi
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Each sample collection cavity 430 can be provided with a valve 440 1n a bottom of the
sample collection cavity 430. Penodically, each valve 440 ¢an be opened and the sample
cavities 430 emptied into corresponding sample containers 450, Each opening 420 and

sampie collection cavity 430 can be associated with a specific sample container 450.

¢

In one aspect, the valves 440 can be manually controlled so that an operator must pull a

lever, press a button or use an other type of actuator on the sample divider 400 to get the
valves 440 to open and the sample cavities 430 to empty into their respective sample
containers 450. However, in one aspect, the valves 440 could be electrically controlled,
such as by relays, electric motor or pneumatic cylinder, etc., so that they can be opened in

response to an electrical signal. In this manner, the sample processing module 300 can

control the operation and the timing of the valves 400. The valves 400 could be buttertly
valve that rotates in the bottom of the sample collection cavity 430, rotate the entire

sample collection cavity 430 upside down to empty, be a gate valve that shides away to

open the bottom of the sample cavity, etc.

Typically, each sample container 450 has a much greater volume than its associated
sample collection cavity 430 so 1t will require the sample collection cavity 430 to be
filled and emptied into the sample container 450 a number of times before the sample

container 450 is filled with particulate material.

Each sample container 450 will contain a substantially identical sample of particuiate

material taken from the particulate material moving through the material conveyor 10.
254462 .v1
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For example, the sample divider 400 shown 1 FIG. 4 uses six (6) sample containers 450
s0 that the sample obtained from the sampling system 100 is six (6) substantially similar
samples of particulate matenial each stored in its own sample container 450 so that each
sample container 450 should contain a sample of particulate material taken and

substantially the same portions of the load and having substantially similar qualities.

In one aspect, cach sample container 450 can have a sealable lid 452 that can be closed
and sealed to scal the particulate material that has been obtained in the sample contatner
450. Thus can allow the moisture level of the particulate matenal that 1s passing through
the material conveyor to be maintained by the particulate matenial in the sample container

450 because the sealable lid 452 can prevent moisture from escaping and the sample of

particulate material in the sample container 450 from drying out.

In one aspect, an electronic display, such as an e-ink based display, can be incorporated

into the sample container 450. This electronic display can not only display a umque
identifier, such as a barcode, associated with the particular sample container 450, but it

can also display any other desired information.

In a further aspect, the sample container 450 can include a sensor to detect cach time the
sealable lid 452 of the sample container 450 has been opened. If the sample container
450 also contains an electronic display, the number of times, and even the time, the
sealable 1id 452 of the sample container 450 was opened cam be displaved on the

electronic display.
254442, v ]
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Referring again to FIG. 1, the outlet 414 of the sample conduit 410 can be connected to
the return conduit 120 so that particulate matenal that has passed through the sample
condutt 410 without being contained in a sample collection cavity 430 simply enters into
the return conduit 120. The particulate material could pass through the samiple divider
400 without entering any of the sample cavities 430 for a number of reasons; the sample
cavities 430 could already be full of particulate material or the particulate material just
happens to pass over all of the openings 420 without falling into any of the sample

cavities 430. The return conduit 120 can simply discharge the particulate matenal into a

collector 130. Any access particulate material will simply collect in this collector 130and

the collector | 30can be emptied when desired.

In an alternative aspect, the return conduit 120 could be routed to discharge into the inlet
20 of the material conveyor 10, Ay particulate material discharged from the samplc
extractor 200 to be sampled, but that makes its way through the sample divider 400
without entering a sample collection cavity 430 will exit the sample conduit 410 through
the outlet 414 and enter the return tube 120, where the return tube 120 will redirect this
particulate material to the inlet 20 of the matenal conveyor 10 to be carried up the
material conveyor 10 to once again be discharged out the discharge end 30 of the maternial

conveyor 10.

The sample processing module 300 can be used to control the operation of the sampling

system 100. FIG. 3 illustrates the sample processing module 300 in one implementation.
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The sample processing module 300 can be include a processing unit 302, such a
microprocessor that is operatively connected to a computer readable memory 304 and can
control the operation of the sample processing module 300. Program instructions for
controlling the operation of the processing unit 302 can be stored in the memory 304 as
well as any additional data needed for the operation of the sample processing module

300.

An input interface 320 can be provided operatively connected to the processing unit 302
s0 that the sampling processor module 300 can receive signals from external sensors. In
this manner, the sampling processor module 300 can be connected to the flow sensor 292

in the sample extractor 200 to detect the flow of particulate matertal passing through the

material conveyor 10 or even a flow rate meter detecting and measuring a flow rate of
particulate material passing through the material conveyor 10, Additionally, the input
interface 320 can allow the connection of a flow sensor, moisture sensor and a

temperature sensor to the sample processing module 300 so that the sample processing
module 300 can obtain flow readings, moisture readings and temperature readings from

these sensors.

An output interface 322 can be provided operatively connected to the processing unit 302
to send signals to other devices in the sampling system 100. For example, the valves 440

in the sample divider 400 can be connected to the output interface 322 so that they can be

opened and shut based on commands from the sampling processor module 300. The

3854462 1
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output interface 322 can also be connected to a relay that controls the flow of electricity
to the motor 270 in the sample extractor 200 so that the sampling processor module 330

can selectively supply the motor 270 with electricity thereby controlling the operation of
the sample extractor 200 and when samples are obtained from the sample extractor 200

and routed to the sample transfer condut 110.

The sampling processor module 300 can include a wireless connection 324, such as a

Bluctooth ™

connection or an 802.11 connection, that can allows a device such as the
interface device 150 to be connected to the sampling processor module 300. In one
aspect, the interface device 150 could be a smart phone runmng an application (app),

allowing an operator of the sampling system 100 to use his or her smart phone to enter

inputs 1nto the sampling processor module 300 allowing the operator to control the

sampling processor moduie 300 using his or her smart phone as the interface device 150,

Optionally, the sampling processor module 300 can include a keypad 306 and a display

303 to allow a uscr to sce the settings of the sampling processor module 300 and enter
nputs and change parameters of the sampling processor module 300. However, in some
cases the sampling processor module 300 can be controlled entirely by the remote

interface device 150,

In one aspect, the sampling system 100 can be set to have a desired sampling rate so that
the samples obtained in the sampling containers 150 contain particulate material from the

throughout the entire load being moved by the material conveyor 10 at regular intervals
234462, v}
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rather than simply taking the entire sample in each sampling container 150 at one single
time or at random times while the load 1s moving through the material convevor 10. FIG.
6 tHustrates a flowchart of 2 method for obtaining a particulate material sampler using the
sampling system 100. In this method a sampling frequency based on an entire load of
pafticulate material being moved by the material conveyor 10 1s determined so thaf the
sampies obtained in the sampling containers 150 not only are substantially similar to one
another but also are taken at regular intervals throughout the load to try and get an

accurate sampling of the entire load. In one aspect, the steps of the method can be

controlled by the sample processing module 300,

The method can start and at step 502 the operator can enter the size of the load to be

moved with the material conveyor 10 into the remote interface device 150 or alternatively
the sample processing module 300, This load could simply be the volumne or other
quantity of particulate material in a truck or trailer that will be moved by the matenal
conveyor 10 into a bin or other storage device. However, the 1oad entered could also be
the volume or quantity of a bin or other storage device to be filled with the particulate
matenal, 2 the size of the bin, etc. By entering the volume or quantity of particulate
matertal needed to fill up a particular bin as the load size and then using the matenal
convevor 10 to ill the bin, the sample taken with the sampling system 100 can be
representative of the particulate matenial in a bin instead of just the particulate material in

a specific truck or trailer load used to partially fill the bin. Even if more than one truck or
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trailer load of particulate material must be used to fill the bin with particulate matenal,

the sample taken will be from these different truck or trailer loads and represent a sample

of the particulate material in the entire bin.

At step 504 the flow rate of the material conveyor 10 can be determined. The flow rate
of the material conveyor 10 can just be a standard selection based on the size of the
flighting or convevor in the material conveyor 10, diameter of the conveying section 40,
horsepower of the material conveyor 10, cic. that is used to calculate an approximate fiow
rate for a particulate material conveyor 10. Alternatively, the tlow rate of the matenal
conveyor 10 can be determined by selecting the type and size of the material conveyor 10

(1.e. brand and model number) and then have it correlated to an average flowrate for that

particular brand and model of material conveyor 18. For example, it an apphcation 1s
being run on the remote interface device 150, the operator can 100k up a table of brands
of material conveyors 10 and the model numbers. Each brand and model number will be

associated with a flow rate and when the operator selects the brand and model of the

material conveyor 10 being used, the associate flow rate can be obtained and used for

step 304,

In a further aspect, an operator may be able to turther adjust the flow rate selected at step
504. If the operator is able to choose the flow rate based on the specific brand and model
of the material conveyor 10 being used, the operator could be allowed to further adjust

this predetermined flow rate. This can allow the operator to take into account situations

254462.vi
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where he or she has observed that the flow rate does not exactly meet the ideal tlow rate
assigned to his or her particular material conveyor 10, such as when the flighting in the
material convevor 10 has become wormn a less effective, the angle of the matenial
conveyor 10 1s set higher than ideal, etc. In this manner, the operator can select the
predefined flow rate and adjust it to match the particular material conveyor 10 being

used.

At step 5006 a sampling interval can be determined for the moving of the entire load by
the material conveyor 10. The flow rate determined at step 504 can be used along with
the size of the load entered at step 502 to determine a length of time 1t will take to move

the entire load of particulate material through the material conveyor 10. This pernod of

time can then be divided by the number of times each sample collection cavity 420 wil}
be emptied into its associated storage container 430 to deternmine the sampling interval.
The sampling interval can represent a period of time between samples being taken by the

sampling system 100 as the material conveyor 100 moves the load of particulate matenal

in order to result in the final sample containing particulate material taken at regular

intervals as the particulate material is moved by the matertal conveyor 10.

For example, if each sample in one of the sample containers 450 will eventually be
consist of a sample where the associated sample collection cavity 430 has been filled up
with particulate material and emptied into the sample container 450 six (6) times (1.¢. the

sample in the sample container 450 will be made up of six (6) smaller samples taken by
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filling and emptying the sample collection cavity 430 six (6) times), the sample interval
can be determined at step 506 by dividing the period of time 1t 1s estimated it will take the

material conveyor 10 to move the entire load by six (6).

At step 508 the method can monitor the material conveyor 10 to determine when
particulate material is being moved up the material conveyor 10. This can be done by the
sample processing module 300 obtaining signals from the flow sensor 282 in the sample
extractor 200 to determine when particulate matcrial 15 being discharged from the
material conveyor 10 and through the sample extractor 2000. Whale it being determined
that particulate material 1s moving fhrough the matenal conveyor 10 at step 508, the

method can delay taking a sample for the period of time that 1s the sampling interval. By

only tracking the time being taken only while flow 1s being sensed in the matenal
conveyor 10, the method can avoid the sampling interval taking into account when the
material conveyor 10 is running but none of the particulate matenal is passing through 1t

to improve the regularity of the samples being taken. This can help ensure the samples

are being taken at more regular intervals through the entire load.

Additionally, if the operator has set the load at step 502 to be the quantity or volume of

particulate material to be loaded into a bin or other storage device in order to get a sample
representing the total amount or particulate material in the bin, and this load size will
require a number of truck or trailer loads to be accomplished, only tracking the time in

the sampling interval when flow is being sensed passing through the matenal conveyor
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10 will allow multiple incoming loads to be accomplished without greatly atffccting the
sampling.  In the downfime between truck and trailer loads, the sample processing

module 300 will simply stopped tracking time as part of the sampling interval and then
start agamn when the next truck or trailer load of particulate material starts moving

through the matenial conveyor 10.

As long as the flow sensor 1s determining that particulate material 1s flowing through the
material .conveyor 10, the mcethod can wait for the sampling interval to pass before
moving on to step 510 and obtaining a sample of the particulate material. At step 510
after the sampling interval has passed, the method can collect a sample of particulate

material. If the motor 270 of the sample extractor 200 is controlled by the sample

processor module 300, the sample processor module 300 can cause the motor 270 to be
supplied with power, which in turn will rotate the sampling member 250 1n the sample
extractor 200 through the discharging particulate material passing through the sample

extractor 200. The collected particulate matenal can then be discharged through the first
opening 280 and the second opening 281 as the sample member 250 rotates in front of the
first opening 280 and the second opening 281. This extracted particulate material will
flow down the sample transfer conduit 110 and into the sample divider 400. In the
sample divider 400 it will pass through the sampling conduit 410 where 1t will begin to

fall through the openings 420 in the sample conduit 410 and start collecting in the sample

cavities 43(). Eventually, when enough time has passed that the sample cavities 430 are
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full, the sample processor module 300 can stop the motor 270, which will in turn stop the
sample extractor 200 from collecting particulate material from the discharging particulate
material and passing it down the sample transfer conduit 110 to the sample divider 400.

The valves 440 can then be opened to empty the filled sampling cavities 430 into their

corresponding sampling containers 450.

Altematively, the valves 440 in the bottom of each sample collection cavity 430 can be
opened to empty the sampling cavities 430 into their corresponding sample containers
450 so that particulate material flowing through the sampling conduit 410 after it has
been removed from the discharging flow of particulate material by the sample extractor
200 and routed through the sample transfer conduit 410 to the sample divider 400 can

once again start falling through the openings 420 in the bottom of the sampling conduit

410 and into the sampling cavitics 430.

With the sample obtained at step 510, the method can move onto step 512 and determune

whether there are more samples of the particulate matenal to obtain a complete set of

samples in the sample containers 450. Typically, the nunber of sample mtervals and
therefore the samples to be taken to fill each of the sample containers 450 will be the
number of sample cavities 430 desired to complete the sample in the much larger sample
containers 450. For example, if this number is six (6) than the number of times the
sample cavities 430 will be filled up and then emptied into the sample containers 450 will

be six (6).
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At step 512, it is determined that there are more samples to take, the method can return to
step 308 and wait for the sample interval while flow of particulate material 1s being
sensed in the matenal conveyor 10. After the sample interval, the method can move on to
step 510 and the next sample can be obtained in the sample caviiies 430 and emptied into
the sample container 450 before the method moves on to step 512 agamn and determines 1f

there are more samples to take.

In this manner, the method will repeat steps 508, 5010 and 512 until all the samples have

been taken and the sample containers 450 contain complete samples.

In o further sopeet, a flow rate scnsor rather than just a flow scusur, van o used with e
sampling system (U0, Kather than approximating a flow rate of the matenal conveyor 10
and using it to determine when a sample interval has passed, like is done in the method

shown in FIG. 6, by using a flow rate sensor to monitor the actual flow rate of the
particulate material of the load being moved as it is transported through the matenal

conveyor 10, a more accurate approximation of the amount of the load that has passed

through the material conveyor 10 at any given time can be determined.

FIG. 7 illustrates a method of sampling from a load of particulate matenal passing
through the material conveyor 10 where a flow rate sensor is used to determine how
much of the particulate matenal from a load has passed through the matenal conveyor 10

to determine when a sampling interval has passed. The method can start and at step 602
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the operator can enter the size of the load to be moved with the matenal conveyor 10 into

the interface device 150.

At step 604 a sampling interval can be determined for the moving of the entire load by
the material conveyor 10. 'The size of the load entered at 502 can be {aken and divided by
the number of times the sampling cavities 430 are to be emptied into each of the sampling
container 450 to determine the sampling interval. For example, i{ 10,000 {t’ is the size of
the load, there might be six (6) different sampiles taken or 1,667 ft* of particulate material
that has to move through the material conveyor 10 between each sample being taken and

emptied into the sample container 450.

At step 6U6 the matenal conveyor 10 can be run and the tlow rate of the particulate
material repeatedly measured with the flow rate sensor to calculate the amount of
particulate material that has flowed through the material conveyor 10. By determining
the flow rate of the particulate material 1in real or near-real fime as tl;ie material conveyor

10 is in operation, it can be determined how much particulatc material has flowed

through the material conveyor 10. By measuring the flow rate repeatedly, inconsistent
flows of particulate material can be taken into account. For example, 1if the material
conveyor 10 starts having an inconsistent flow of particulate material for any number of
reasons (e.g. the load of particulate matenal is being fed into the material conveyor

inconsistently, the motor of the material convevor 10 slows down, etc.), the tlow rate

sensor can measure this change in the flow rate of the particulate material passing
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through the material conveyor 10 and compensate to make sure the sampling interval is

taken at the proper time.

At step 608, when it has been determined that a sampling interval has passed through the

material conveyor 10 (i.e. the amount or volume of particulate matetial making up the
sampling interval), a sample of the particulate material can be taken. Again, power can
be supplied to the motor 270 of the sample extractor 200 to cause the sample member 250
to rotate in the sample extractor 200 and therefore cause the sample extractor 200 10
obtain a sample of the particulate material discharged from the discharge end 20 of the

material conveyor 10.

Alternatively, the valves 440 in the sample divider 400 can be opened to dump the

contents of the sampling cavities 430 into the associated sampling containers 450.

Once the sample of particulate material has been obtained at step 008, the method can
move on {o step 610 and determine if there are any more samples to be taken in order to
fill the sample containers 450. Again, if the sample splitter 400 1s designed so that each
sample collection cavity 430 is 1/6 the size of one of the {inal desired sample to be

collected in each sample container 450, the number of samples to be taken over the load
size 1s six (6). If at step 610 it is determined that more samples are to be taken, the
method can return to step 606 and once again measure the amount of particulate material
flowing through the material conveyor 10 at step 606, obtain another sample at step 608

when the sample interval has passed, and then check to see if any more samples are to be
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taken at step 610. In this manner, steps 606, 608 and 610 can be repeated until the

desired number of samples have been taken and emptied into the sample containers 450

and the method will then end.

In one aspect, the moisture sensor 294 can be used to obtain moisture readings of the
narticuiate material as 1t passes through the sample extractor 200. These moisture
readings can either be displaved in real time on the remote interface device 130 or they
can be taken at the sample intervals to record the moisture content of the particulate
material passing through the sample extractor 200 when the samples are taken by the
sample extractor 200. Alternatively, moisture readings can be taken by the moisture

sensor 294 at different time during the moving of the particulate material by the material
convevor [ to determine an approximate average moisture content for the entire load of

particulate material.

In one aspect, by periodically taken moisture readings using the moisture sensor 294 the
moisture content of the particulate material can be tracked and correlated with the

location of the particulate material in a bin it has been loaded into.

In one aspect, the sample system 100 can also be used to approximate the amount of
particulate material in a bin. [f the material conveyor 10 is being used to fill a bin, the
sample module processor 300 can use either an approximate flow rate, similar to the flow
rate that 1s used in the method shown in FIG. 6 or a flow rate measured by a sensor n real

time, similar to the flow rate determined for the method shown in F1G. 7. By multiplying
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the flow rate by the amouxit of time the sample module processor 300 15 obtaining a
signal that particulate material is discharging out the material conveyor 10 and through
the sample extractor 200, the amount of particulate material that has been loaded into the
bin by the material conveyor 10 can be approximated. This can allow an operator to

approximate how much particulate material has been loaded into a specific bin.

As the sample system 100 collects particulate material, it can also obtain and store
information specific to a sample obtained in the sample containers 450 so that cach
substantially identical sample stored in one of the storage containers 450 in the set of
storage containers 450 can be linked with the stored information. This information can

both be gathered by the sample module processor 300 during the collecting of the

samples by the sample system 100 and/or entered by an operator, such as through the
remote interface device 150, and this information then stored in a database. This
nformation can then be associated with the samples obtained in the set of sample
containers 450 so that a person with one of the sample containers 450 can access this

information and look at the information that has been associated with the sample that has

been collected in any one of the sample containers 450.

By storing this information in a remote database accessible over the internet or some
other network, the crop producer, grain analysis lab, grain buyer, etc. can all be given
access to information or even different degrees of access to this stored information about

a particulate sample.
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FIG. 8 illustrates one implementation of a data structure that can be used to store
mformation about the samples obtained using the sample system 100. The data structure
_700 can contain a plurality of sample records 710 where each sample record corresponds
to a set of samples obtained in a set of sumple containers 450 by the sumpling system 300

of a single load of particulate material, such as grain or other crop material.

Each sample record 700 can contain: a unique identifier field 712; a location field 714; an
origination field 710; a destination field 718; a time stamp field 720; sample rate field

722: a material type field 724; a moisture content field 726; and a load size field 728.

The uuiyue identificr feld 712 can voutain au airay of wuigue identificis whicie cachs
unique identifier in the array is assoctated with one of the individual sample containers
450 in a set of sample containers 450 making up a sample of one particular load of
particulate material. FEach unique identifier can be a number, word or alphanumernic
string shown on one of the sample containers 450 or it could be a bar code such as a
Iincﬁr bar code or 2D (matrix) barcode provided on the sample container 430 and read by
a scanner or with a smart phone running the proper software. In a further aspect, the
_ unique identifier could be stored in a RFID tag affixed to each sample container 450.
The unique identifiers in the unique identifier field 712 can be used to locate the sampie
record 710 associated with a particular sample in the sample container 450 and thereby
allow a person to access to the uother information about the sample that is stored in the

sample record 710.
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Each sample record 710 can also optionally contain a {ocation field 714. The location
field 714 can be used to store information regarding the location of where the particulate
material in the sample was obtained. These could simply be a name of the farm or
description of the field entered by the operator or farmer that moved the load with the
material conveyor 10 and collected the sample with the sampling system 100.
Alternatively, it could be a set of GPS coordinates taken of where the sample was taken,

such as by the remote interface device 150, 1f it 1s a smart phone or other device capable

of takin GPS coordinates of a location.

An origination field 716 can also be provided that allows at description of where the load

originated, i.e was the load removed from a truck, grain bin, etc. and a destination filed

718 containing information about where the load was moved to, 1.e. gratn bin 4, truck,
etc. In one aspect, this could be done by the user opening a drop down menu and
selecting the appropriate option. This information can also be obtained in one aspect by

providing a bar code on the bin. truck, efc. that can be scanned by the remote interface

device 150 to identify where the load originated from or was loaded to.

The time stamp field 720 cén be used to store a time stamp of when the load was
transferred using the sampling system 100. This time stamp field 720 could simply
contain a time when the material conveyor 10 started or stopped moving the load of
particulate material or it could contain both the start time and stop time. In a further.

aspect, the different times each sample was taken afier a sampling interface could be
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stored in the time stamp field 720 in an arrav so that it can be determined with the

information not only when the matenial conveyor 10 started moving the load particulate
material and when the material conveyor 10 stopped, but also at what fimes particulate

material was sampled from the load and added to the sampling container 450.

The sample rate field 722 can be provided to store information about the sampling rate of

the load. This could be the sampling intervals determined when particulate material from

the load was extracted and added to the sampling containers 450.

The matenal type field 724 can be used to store information about the type of particulate

material that 15 being sampled, 1.¢. wheat, canola, cte,

The moisture content field 726 can contain information about the moisture content of the

samples based on readings of the moisture content taken by the moissture sensor 294,

The load size field 728 can contain information approximating the size of the load of

particuiate material that was loaded by the material conveyor 10 where the samples were

obtamed.

FIG. 9 illustrates a flowchart of a method for collecting the information that can be stored
in each sample record 710. The method can start and at step 802 the operator of the
sampling system 100 can enter the unique identifiers on each of the sampling contamers

450 that will be used to store the sample. These unique identifiers can be entered either

by the operator entering them into the remote interface device 150 or the sampling
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processor module 300. This can be done by the operator typing in each number, word or
alphanumeric string into the sampling processor module 300 or the remote interface
device 150 for each of the sampling containcrs 450. Alternatively, if the remote interface
device 180 is a .smart phone, the remote interface device 150 can be used 10 take a
photograph of a bar codc on each of the sampling containers 450 and the remote interface
device 150 can translate the bar code into a number, word or alphanumeric string. If the
unique 1dentifier is on a RFID tag, the unique identifier can be read when each storage

confainer 450 13 inserted in to the sample divider 400. These unique identifiers can be

used to later populate the unique 1dentificer field 712 1n the new sample record 710,

In one aspect, each unique identifier on the storage containers 450 must have been pre-

entered into the system. In this manner, rather than saving any unique identifier provided
on a sampling container 450, the systcm will only save unique identifiers that have
already been pre-entered into the system. This will prevent operators from using other

sample containers 450 and ensure only sample containers 450 issued by the controller of

the system can be used in the sampling system 100.

After step 802 and the unique identifiers have been entered, the method can then move
onto step 804 and the operator can enter the rest of the information into the sample
processor module 300 or the remote interface device 150, This information could include

various information that will eventually be added to the new sample record 710 including

the location of the particulate material being sampled to be used in the location fteld 714
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of the sample record 710, where the particulate material originated from for the
origination field 716, where the particulate material was moved to for the destination

filed 718, the type of matenal for the material type field 724, etc.

At step 806 the method can wait for the load to be moved by the matenal conveyor 10

while collected any information necessary to populate the sample record 720. This could

be the sample intervals for the sample rate field 722, the times the samples were taken for

the material type field 724, efc.

After the load of particulate material has been moved by the matenal conveyor 10 the
sampling proccssor module 300 or the renwte mter fave device [ 50 can coliect any (inal
mnformation about the load that has been moved and move onto step 810. At step 810 the
information gathered by the sampling processor module 300 and the remote interface
device 150 dunng the method can be gathered and used to create the new sample record
710 associated with the specific sample. This sample record 710 can either be stored in
the sampling processor module 300 or in one embodiment could be uploaded to a remote
server to be stored in a database on the remote server. This would allow the sample

records 700 to be stored in a remote server (or the "cloud") and make the information

accessible by anvone with a device capable of accessing the remote server (or the

"cloud™).

In one aspect, the remote interface device 150 could be a smart phone or other device

capable of transmitting data and would transmit the information for the sample record
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710 to the remote server. In this manner, only the operator's smart phone would need to
be able to connect to the intemet or other remote server which would allow the method to
work anywhere the smart phonc could obtain a signal, rather than requiring the sampling

processor module 300 of having the capability of transmitting the information to the

remote server for storage of the sample record 710,

If the remote interface device 150 is being used with the method, the method can be
performed without the remote interface device 150 being connccted at all times. The
operator could connect their remote interface device 150 to the sampling processor
module 300 to start the method and enter the information needed initially. For example,

steps 802 and 804 of the method can be performed when the remote intertace device 150

is connected to the sampling processor module 300. The sampling processor module 300
can then control the obtaining of the samples while the materiél conveyor 10 18 moving
the particulate material and collect any needed information irregardless of whether or not
the remote interface device 150 1s connected to the sampling processor module 300. Step
806 could then be performed by the sample processor module 300 irregardless of whether
or not the remote interface device 1350 is still connected. For example, step 806 could be
performed irregardiess of whether the remote interface device 150 1s connected to the
sample processing moduie 300. Then when the remote interface device 150 1s évenmally
.reconnected with the sample processor module 300, step 810 can be performed and the

new sample record 710 created and uploaded to the remote server by the remote interface
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device 150. This can allow the operator to leave the sampling system 100 running

without having to ensure his or her smart phone remains connected to it all imes.

Alternatively, the sample processing module 300 could have a wircless connection 324

allowing the sample processing module 300 to connect directly to the internet or a

wireless lan available where the sampling system 100 is being used.

With step 810 finished and the new sample record 710 created (and uploaded to a remote
server if desired), the method can end. At this point, especially if the sample record 710
is uploaded to a remote server. a person with access to any one of the sample container
450 in the act of samplc containers 450 contauing substautially ideutical sainples of
particulate matenial, can use the unique identifier on the sample container 450 to access

the information stored in the sample record 710 about the sample.

With the sample record 710 stored on a remote server it can be accessed by a number ot
different parties in a number of different ways. For example, an operator can open an

application on the remote interface device 150 or other mobile device and select view
sample information . The operator would then obtain the unique identifier from a sample

container 450 and this unique identifier can then be used to access the information
relating to that specific sample container 450, Alternatively, users can be provided with
accounts on a webpage accessible using a web browser. The user would then access the

user account on the intermet and select view sample information. Afier entering the
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unique identifier of a specific sample container 450, the information related to the

samples taken and obtained in the sample container 450 can be displayed.

The foregoing is considered as illustrative only of the principles of the invention.
Further, since numerous changes and modifications will readily occur to those skilled in

the art, it ts not desired to limit the invention to the exact construction and operation
shown and described, and accordingly, all such suitable changes or modifications n

structure or operation which may be resorted to are intended to fall within the scope ot

the claimed invention.
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