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The present application derives priority from U.S. Provisional Patent
1 Application 62/302.430 filed 2 March 2016,
BACKGROUND OF THE INVENTION
1. Field of the fnvention
The present invention relates generally to feeder mechansms for disc-shaped

objects and, more particulatly, 1o a feedericonveyor mechanism for optical sampling

o
LA

cups.
2. Desenption of the Background

Many agriculiural and food production operations rely on spectroscopic
analysis to test materials with radiated gnergy, and there are many diffetent variations
of spectroscopic analyzers on the market today, Near-indrared {NIR) spectroscopy
2t bhaygreatly simphfied and improved the speed of apalysis for quality testing of grainy,
flows and beans. The use of near-infrared spectroscopy has led 1o higher sample
thronghput by replacing multiple time-consuning and complicated chemical
techmgues. Using NIR spectroscopy it is possible to pon~-destructively anadvre

inhomogeneous samples for moisture, profein, o and many other parameters in less

[ RR)
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than one minute at all stages of production: grading, rulling, o extraction and final
product quality verification. In most large scale operations such as grain processing,
representative samples of the product are tested at predetermined intervals.
Conunercial grain analyzers suitable for thus purpose in grain production operations
are commercially-available, Ol these, some grain analvzers are transmission~mode
30 analyzers that test the whole grain. Others are reflectance-mode analyzers that

typically test ground grain {though reflectance-mode gnalyrers are also suitable for
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some whole grains, flow, feeds, fivages ete). Reflectance-mode gramn analyzers and
many other analyrers use “sample cups™ 1o contain the test sample. An amount of
gran s deposiied into @ dise-shaped sample cup which has one or more windows, and
measwrements of radiation transmitted through or reflected through the gwram via the
window(s} is analvzed. Traditiopal grain analysis systems require an operator to

Y monitor the process line and to mamally remove representative samples of grain from
the process line for testing,

FIG, 1is a front perspective view ol a plarality elvarious {feedfforage) gram
smmples in individual marked envelopes 10, with corresponding marked adhesive
labels 12 for attachment to sample cups prior to loading. The marking shown in FIG

13 1 is currently done by bagging the various gramn spruples n individual envelopes,
marking the envelopes, filling individual sample cups with {product/grain Fom the
envelopes, and marking the sample cups in accordance with the envelopes, all by
hand. The process is tedious and error-prone. The sample cups are then hand fed into
a grain analyzer one-by-one. The entire process suffers from the additional

20 manpower needed to select, organize and catalogue represemtative samples, transport
them to the grain analyzer and monitor the progress of yrain analysis bafore manually
returning the sample contatner and/or the sample to the product ine o repeat the
process, Few atfempits have been made {0 antowmate the progess.

United Sdates Patent 5,087 423 to Ishilashiissued Felouary 11, 1992 shows g

3
s

modular analyzer in which sample cups are sutomatically transported and distributed
vig convever belts, Unfortunsiely, when it comes to sato-feeding dise~shaped objects
into & precise position af hinsly-timed intervaly, conveyer belts do not provide the

measure of contrel necessary.

32
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b In addition, the sccwracy of the conventional process of analyzing samples
from a production line comprising grain or other agricultural or non-agricuifural
goods also sutters with greater varisbility in intervals between samples as they are
taken from the production bine. Ideally, for the best sample accuracy, 8 sampla s
removed from the process line and tansferred immediately t© a grain anatyrer or

H other sampling device without delay, so that testing occurs as soon as possible after
the sample s removed from the line, With grain, ag with other types of nentcnltural
goods and other selecied products, defects occor i a non-random fashion due to
differences in the way that batches of crops are grown, havvested, stored, etc. When
samiples from the production Bue are {ested as soon as possible after being removed

15 frow the Hae, any samiples that do not meet quality controd standards may be noted ag
soon as possible and the batch{es} corresponding to smme may be removed from
production or otherwise corrected earhier in the process.

Accordingly. what is needed 1s 8 feeder/conveyor for sample cups that allows
a human operator to fill a phaality of sample cups with materials 1o be analyred,

20 easily label the sample cups with & machine-readable label, load those sample cups
inte a quene on the feedariconveyor, the feeder/convevor therenpon mutomating the
infeed and outfeed of the queued sample cups into an analyzer on an as-needed basis

so that samples are tested s soon as possible after being removed from the loe, then

gjected from the analyzer back onto a retiun queve on the feeder’conveyor for prompt

3
s

disposition,
SUMMARY OF THE INVENTION

Accordingly, if i an object of the present invention to provide an improved
feeder for dise-shaped objects such as sample cups that employs inclined mfeed and

30 return tracks for efficiently and sutomatically forming infeed and cutfeed quenes, the
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mifeed and retarn racks converging on a rotating carcusel for transporting muhiple
disc elements such as sampling cups to the infeed of a gram analyzer for op-demand-
processing.

It is another obiect of the mvention {o provide an improved feeder'conveyor
that automatically quenes and transports mudtiple dise elements along ap infeed track
1 gnd a retn track for testing at the analyveer.

Tt is also an object of the present invention to provide such an wproved dise
feeding system with doal RFID readers/witters, one deskiop and the other proximate
the sample bay of the analyzer so that it can communicate with the sample the cup
while it is in the scanning position, the combingtion giving a more comprehensive

13 tmck-and-trace capability.

These and other features and benelits are achieved with an improved disc
feeding system for disc-shaped objects such as ssmple cups and the hke with both an
mieed track for quewng a plurality of disc-shaped objects, and an outfeed track. The
infeed track is angled downward from horizontal and the outfeed wack is angled

20 downward from horizontal opposite the infeed track, such that the mfeed track and
cutfeed track converge toward a point. In addition, 8 reject chute drops disc-shaped
obijects divectly downward. The infeed track, outfead track and reject chute converge
10 a servo-drive carousel that ix rotatable about a point, the servo-drive carousel

counprising a dise defined by a plurality of Us-shaped notches for receiving disc-
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shaped objects. There is a swilchable gate proximate an end of the infeed track for
eating disc-shaped objects into the corousel. The dise feeding system uses two RFID
readersiwtiters, one standalone deskiop and a second proximate the sample hay of the
analyzer for more comprehensive rack-and-trace capabifity. The desktop RFID

reader/writer allows techmicians to tag each sample cup with a label with a umique
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sample nongber, type and other known information after the samples have been
prepared in the lab, prior {o ifs scan. A second RFID reader/writer is mountad
proximate the carousel. The RFID read/write head {including coil) is attached
remotely from the electronics on a pusher bar that is actually touching the sample cup
e instrument, The pusher bar pushes the sample cups and/or calibration tles inlo
position relative to the scanning plane, thereby Reeping them accarntely positioned,
Mounting a second RFID readet/writer with head divectly on the pusher bar gives an
accurate pre-scan read and an accurate post-scan write because the readev/'witter bead
is actually touching the sample cup while @t is in the scan position. For pre-scan, the
13 sample cup is placed in the feed carousel and the mnally-stored data is wansferred 10
the second RFID reader/writer and verified, thereby eliminating the nisk of erroneous
scan errors and ensuring sample traceabality, The information read from the cup tag
45 11 15 scanned 1s also stored with the resuliant spectra so that predictive processing is
applied properly and without error. For post scan (afier the sample scan 15 completed)
20 the scan information itself may be written divectly to the sample cup RFID tag
inchuding refiection/ransnussion characteristics, constituent results ete. The
wformation read from the cup tag in conjunciion with the spectrs and coordinated
prediction of constitugnt values along with other information may be used at this point

to eject the sample enp.
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BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features, and advantages of the present invention will become
more apparent from the following detalled description of the preferrad smbodiment

and vestain modificaiions thereof, iy whiche

e
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FIG. 1 i3 a front perspective view of a phuality of various grain samples in
mdividual marked envelopes 19, with corresponding marked adhesive kabels 12 for
attachment {o sample caps prior to loading.

FIG. 2 is a perspeciive view of an smbodiment of the improved dise
feeder/conveyor system 2 according to the present invention.

FIG. 3 18 g sude perspective Hlastration of the open-hinged dise
eeder/conveyor mechanisim 20 of the present invention,

FIG, 4 18 a close-up side perspective thusteation of the open-hinged dise
feeder/conveyor mechanism M ag in FIG. 3 showing the cup carousel 30

FIG. 5 1s a close~-up side perspective lustration of the cop carousel 3¢ of FIG.
4 {with g reference/baseline reflector 152 n place).

FIG. 6 is a close-up side perspective lustration of the cup carousel 50 of
FIGs. 4-5 with loaded sample cup 4.

FIG. 7 is a close-up side perspective shustration of one of two flosting
calibration standards 152, 153, One calibration standard 152 is used for the baseline
measurement and the other 153 can be used as a wavelength alignment standard to
check the instruments wavelength anddor absorbance calibwation. The use of the
carousel 30 o revolve both calibration standards 152, 153 in the same sample plane as
the sample cup, all seated in the cup carouse! 30 of FIGs. 4-5 is @ novel feature,

FIG. 8 is an open-top iltustration of the elecironics assenbly 160 for the disc
feeder/convevor mechanism 20 of the present invention.

FIG. 9 1s a close-up Hustration of the electronics assembly 100 for the disc

feederfconveyor mechanium 20 of the present invention.

6
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3 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 2 1s a perspeciive view of an smbodiment of the mmproved dise
feeder/conveyor system 2 according to the present invention. The disc
feeder/convevor system 2 is herein configured to feed and eject sample cups to/from 8
conventional scanning monochromator 8 of a type which generally includes an optical
1t bench having a light source assembly 51, entrance optics, & shit/shutter assembly, and
exit optics (not shown). In general operation of scanning mosochromator 8 the light
source gssembly 51 emits a broad spectrpm of radiabion which s collecied by the
entrance optics, and projected onto a diffraction grating then through the exit
slitéshutter assembly, The dillraction grating disperses light by diffracting different
15 wavelengths at different angles, and a selected spectval component of the light
emanates out through an exit aperture 63,
The present mvention includes 8 sanyple cup infeedioutived quening
mechanism 20 configured for attachment to the scanning monochromator § such that
the selected spectral component of the light emanating out through an exit apertare 63
20 passes divectly into the sample cup infeed/outfeed quening mechanism 20 of the
present invention, The sample cup infeed/outfeed quening mechanism 20
automatically loads one sample cup 4 from s multi-cup infeed track 22 onto an
internal carousel (obscured) which is rotatably controlled o position the sample cup 4

at @ preseribed distance from exit aperture 63, The selected spectral component of the
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Hight emanating owt through exit aperture 63 1s refracted off the sample in sample cup
4 back (o a detector/detection systeny 1y monochromator 8 which measures the
intensity of the diffusely reBected fight from the sample, converting the hght power to
an eleciricad signad by which & quantitative analysis of any of a variety of

characteristics of a sample, including constituent analysis, moisture content, taste,
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texhwre, viscosity, ete. The high degree of automation and mechamceal technigue
{pusher bar for example) ensures consistent sample presentation, more efficient

sample pick-ap and scanning

furicy

and more accurale SCanpNg as 3 consegquence.

In addition {0 the sample cup infeed/onifeed quaring mechanism 20, the dise
feeder/conveyor system 2 incudes a deskiop RFID writer/reader 32 external o the

Y sample cop infeedfoutived quening mechanism 20, plus an internal RFID
writerfreader (not shown. 1o be described) internal 1o the sample cup infeed/outfeed
guewng wechanism 20, The desktop RFID writer/reader 32 has g dock for indexing a
sample cup 4 thereon during readingdwriting, and o central controller 5.

The controller 5 includes a prograromable controlier and non-traasitory

13 storage memory housing the system control software that is progravnmed to detect and
decode the RFID tags, and to synchronize operation of the disc feeder/conveyor
system 2. The controller § may be any conventional computing device with display
and user-mput device, and may be the exasting controller provided with the scanning
monochromator &,

20 The controller § software provides a graphical user iterfuce to guide g user
through the following steps: (1} collecting a sample to be tested and cataloging the
specinten; {2) analyzing the speeimen; and (3) reviewing and recording the test
resulis; and (4} irack-and-trace of sach specimen, Collecting and cataloging a sample

broadly mclades storing batch and sample infornation (.2, mfornation related {o the

fa ]
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customer, product type, calibration that is to be used for predictive analysiselc.} in g
collection facility database accessible by the controller S and assigning a anigue
mdicka to gach sampde, filling a sample cup 4, labeling the sanple cup 4 witha
machine scannable label bearing the indicia, a5 well as wformation such as which

calibration equation to use for predictive analysis once the sample is scanned, and



WO 2017/151920 PCT/US2017/020448

LA

loading the sample cup 4 into the infeed track 22 and adiministering the tesd. One

skilled in the art will readily understand that different users may prefer o store

will want 1o write a bar code related to their customer(s) and a product code which

may be used to direct the prediction engine to the appropnate calibration equation.

e Optionally, that calibration equation or any othet nformation as desived may be
stoved on the scannable label. Preferably, the machine scannable label s aradio
frequency identification (RFID) tag, and toward that end the desktop RFID
reader/wiiter 32 18 connected by USH (Universal-Senal-Bus) conmector to Controller
5. The RFID readerswriter 32 includes a rectangular bousing with a flatiop platform

153 defined by o shghtly-recessed ciroular receptacie to index position of a sample cup 4
sced thereupon {as shown}. Internally. the RFID reader/writer 32 includes a circuit
beard having 9 processor and 8 USB controlier, and an antenna board stacked on the
cireuit board. The antenna board includes » toroidal antenna directly beneath the
circle-receptacle lor reading/writing an RFID code to an adhesive label as seen i

20 FIG. L This way, as sach sample cup is filled and logged the controller 5 assigns a

unigque indicia along with product and processing information and guides the user to

label the sample cup 4 by adhering an RFID label, writing the label with the assigned
indiciy using the RFID readerwriter 32, then loading the sample cup 4 mio the infesd

track 22 and administening the scan.

3v ]
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FIG. 3 s a side perspective illustration of the open-hinged dise
feeder/conveyor mechanism 20 of the present invention. The dise feeder/convevor
mechanism 28 attaches to the face of the scanning monochromatot 8 on lower-hinges
to allow o swing open downward for easy access.. The dixe fecderfconvevor

mechamism 20 s constructed with a flai plate 23 that 1s awt to define the wfeed and

Q
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outfeed tracks 22, 24, and plate 23 13 mounted on hinges 25 o the monochromstor 8.
Tracks are screwed {0 the inside of plate 23 to define the ramped Infeed and ountfeed
tracks 22, 24, and the motor drive and elecironics are mounted on the opposte side of
plate 23 and fidly enclosed in 8 cover 125 as seen n FIG. 2.
FIG. 415 a close-up of the cup carousel 30, A predetermined number (e.g.,
1 five) sample cups 4 may be RFIDwageed and loaded onto the infeed track 32 at s
givent time.  The infeed track 22 generally comprises 8 downwardly dnchoed open-
topped chute equipped with a first sample cap sensor 122 at Us upper end (see FIG. 3}
and a second sample cap seusor 124 at its lower end. The Hustrated seosors 122, 124
are nucroswitches but one skilled i the art will understand that sensors 122, 124 may
13 be Reed switches, paddle switches, proxtmity switches or other suitable switches, or
halt-effect (magnetic) or photo-optic sensors.  Sample cups ¢ residing in the chute 22
are detected by the first and second sensors 122, 124, indicating to the controller §
{e.g., indicating that there 18 o sample cup to load andfor that the wnt /s not
full. . this configuration indicates whether there are O cups, | cup or § cups).
20 Thus, if the first microswitch 122 is depressed the infeed track 22 is full, and if
the second microswitch 124 is not depressed the infeed track 22 13 emply. Loading
nay be automated (from a conveyor) or manual i which case the user is prompiad to
add specimendsample cups 4 accordingly. One skilled 1n the wt will understand that

sanple cups 4 may by awomatically loaded onto the dise feeder/conveyor 2 by some

3v ]
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external hopper assembly (not showsn), which may or may not be under conunon
control of comtroller S-{the information from sensor 122 is used 1o decide whether or
not to load another cup 4 into the apper infeed track 22). A servo-controlled gate 86
18 provided at the mounth of infeed track 22 to selectively adnut sample cups 4 into the

carousel 20 by rofating out of the way.

1t
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Simitarly, the outfeed track 24 generally comprises a downwardly inclined
open-topped chute, optionally equipped with microswitches &t #ts upper andfor lower
ends. Operation is similar for the outfeed track 24, where off-loading may be manual
or automated.

In addition to the mleed track 22 and outlead track 24, the present device
0 includes anogrection chute 26 for discarding sample cups 4 that present anomalous

sean results. The ejection chute 26 leads divectly downward.

As seen s FIG, 8, the mfeed sud optfeed tracks 22, 24, g5 well a3 gjechon
chute 26 all converge w/from servo-controiled carousel SO, The carousel 501 forned
with three semi-circular recesses separgted by three leaves. Floating calibration

15 standards 82, 53 are carvied within two of the three leaves. The floating calibration
standards both comprise calibrated reference materials 1e. reflectance standards or
wavelength/absorbance standards 152, 153 carried within a rectangular frame as
shown, and shdable within a confornming window 1 the carousel 54, When
measuring reflectance it is necessary to zero the instrament using light reflected from

206 g sigble reflectance tile/material which is generally fairly inactive in wavelength

species, e.g., ceramic or speciralon). One standard 32 with tle 152 serves this
purpose, while the other standard 53 and tile 153 15 a wavelength alignment andior
check tool which could also he used fo check for optical abnormalities including

wavelength aligioment, absorbance linearity, optical noise gic. It is then necessary o

3v ]
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perform a mathematical corvection based on these standards. Al this is automated in
the present invention, One skilled in the ant shouldd readily understand that additional
catibration standards may be used is desired, sach hikewise slidable within g

conforming window in the carousel 36,

1
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In use of the carousel 20, a sapple aup 4 3s gueved o the carousel SO from
nfeed track 22 by taming the carousel S0 until the sample cup 4 falls into a U-shaped
recess 35 defined between Hanking leaves of the carousel 5O (three recesses 553 total,
though carcusel 30 may be scaled in diameter to accommuodate more or fewer recesses
55 and number of leaves to store more sample cups 4 without departing from the
My scope snd spirit of the wyention). The radies of cwrvature at the trough of each U-

shaped recess 55 15 on the order of approximately 1 inch, just Javger thaw the sample
cup 4. A sample cap need not be 1o the carousel $6 while W is placing and scanming
the reference and/or references 132, 1583, The carcusel 50 18 rotated 1o posihion the
standards 132, 153 for scanning and completes two calibration scans using calibration
15 standards 152, 133, then it loads snd positions the sample cup 4 divectly in front of the
monochromator reflection aperture (see FIG, 2). The scan is completed.

Referring back to FIG. §, in addition 1o the servo-conivolled carousel 50, a
servo-controtled spmnerimdexing wheel 60 1s offset from carousel 50
Spinnerfindexing wheel 60 comprises g rotary wheel with rubber lip spaced at about g

20 17 offset from carousel 20, Spimner/indexing wheel 60 serves two purposes, First, as
seen i FIG. 6, it rotates each sample cup 4 while still in the scan position to allow
taking of multiple scans at various ortentations. The rotating sample cup 4 helps to
eliminate problems associated with sampls non-homogeneity. The sample cup 4

rotation is conrolled by controller 8, and may be user-programmed, for example, for

fa ]
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ten scans taken ai 367 intervals and averaged for each wavelength. Spiner/indexing
wheel 60 also operates in conjunction with a detent post 70 to selectively direct
sample cops 4 into the ouifeed track 24 or gjection chute 26, Detent post 70 s
solenoid driven, ownaled 1to plate 23, and also operates under computer control oy

on-board control. Detent post 70 is energizad to protrude shightly from the plate 23,

12
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or 1y deenergtzed fo sit flush with plate 23, When not energired and when carousel $0

is rotated downward or clockwizse from FIG. 6, spinner/indexing wheel 60 along with

gravity assists to unload the cup from the carousel 50 and push it mto the outfeed
track 24. When energired, detent post 70 protrudes and allows sample cups 4 o pass

into the ejection chute 26,

i Referring now to FIG. 7, one of the two Roatibg calibration standards 5218
shown in the carousel 20 of FIGs. 3-6. The calibration standards 52, 85 are made to
float so that when they are fn scan position an underlying magnetic or gravity fed
pusher bar 90 {seen benegth) pushes them into divect facing contact with the
monochromator scan window, thereby elinunating tolerances. Indeed, pusher bar 90

153 does this same thing with samiple cups 4, which ave likewsse floating within U-shaped

noiches. This construct ensures more consisient and accurate scans both of

cahibration standards 32, 53 and sample cups 4. The pusher 90 is an offset weight

the selected cahibration standard 52, 53 or sample cup 4 1o cause the desired force to
20 act on them, thereby keeping them biased flatly against the scan window of the
mstrument.
FIG. 8 is an open-top illustration of the electronics assembly 100 for the dise
feedericonveyor mechanisin 20 of the present invention, and FIG. 9 1s & close-up

Hlustration of the electronies assenbly 100, With collective reference to FiGs. 8 and

fa ]
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9, a cover plate 25 is smapended above the hinged plate 23 on support pylons 123, and
a cover 123 (removed 1o these Figs.} encloses the foregoing. This provides protective
clearance for mounting an electronic cirewit board 200, as well as o first servo-motor
130 and reduction gear 132 for increwental rotation of the caroused 20, and g second

rotary servo motor 160 for pivoting operation of the gate 80, As seen in FIG. 9 the

o,
Lok
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wetghted pusher bar 90 is attached o a hinge oulside ey pdate 23 and protrades

forward through an apsriure 1 the plate 23 to urge the selecied calibration standard

52, 53 or sample cap 4 against the scan window of the instrument. A magnetic

sofenoid 130 drives the delent post 7640 A serve 130 actuates the servo-controtled gate

80 provided at the mouth of infeed track 22 to selectively admit saraple cups 4 into

1 the caronsel 20 by rotating out of the way.

The offset bar of pusher 20 1s equipped with an embedded RFID readeriwriter
190 (dotied lings) that makes close confact with the selecied sample cup 4 to scan and
write to RFID tags attached 1o the disc-shaped sample cups 4 seated in the carousel
30, The RFID readev/writer 190 is preferably a read/write head (pickup coil)

15 attached vemotely from the electronics, integral to the pusher bay 90 that is actaaily
touching the sample cup while 1t is in the scan position to read and wrnite {o the RFID
tags of samiple cups 4 while at the instrament. This way, as the pusher bar 90 pushes
the sample cups the reader/writer head 190 contacts the RFID tag directly. As stated
above this second RFID reader/writer 190 pickup coil binht into the pusher bar 90 is

20 comnected to RFID readeriwriter electronics on circuit hoard 200, and the resulting

functionality is essential to the track-and-trace abilities of the present svstem. Given

that each sample cup i the carousel has a label with a wnique sample number, type
and other known information from the deskiop reader/writer (FIG. 2, ref 32, this

second local REFID readerfwriter 190 {coil pickup in pusher bar 90} and associated

3
s

electronics on circuit board 200 antomatically reads the mitially-stored data and
vertfies the proper sample cap 4. 1t also tells the controlier § which calibration to use
when predicting the constitaent values efe. This eliminates the visk of operator ervor

i foading the wrong sample caps. Alse, when the instnament complates s sample

14
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sean, the scan information itself may be written divectly 1o the sample cup RFID fag
including reflection/transmission characteristics, predicted constituent values ete.

It should now be apparent that the above-described systen is a more effictent
and less error-prone feeder/conveyor for sample cups or other disc-shaped objects that
atlow a human operator to prepare sample cups, scan them, and track the entire
Y process quickly and efficiently on an as-needed basis. This belps to ensure that

saroples are tested as soon as possible after being removed from the live, then gected
from ihe avalyzer back onto a return quene on the feedev/conveyor for prompt
disposition.
Althongh described herein with reference to a process of feeding sample cups
15 4 into a spectrum analyzer, it should be understond that the inventive device 2 may be
used n any industrial, agriculiural, or commercial process requining the queued
advancement of disc-hike objects from one area to another with mimimal electrical
oniput and with the ability to gate said ohjects for optimal spacing thereol
Having now fully set forth the preferred embodiments and certain
20 modifications of the concept underlying the present invention, various other
embodiments as well as certain variations and modifications of the
embodiments herein shown and described will obviously oceur to those skilled
in the art upon becoming fanuliar with said underlying concept. s tobe

understood, therefore, that the invention mav be practiced otherwise thaw as

fa ]
043

specifivalty set forth in the appended claims.
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3 STATEMENT OF INDUSTRIAL APPLICABILITY
There are numerous indasivial applications that requure the linear fransfer of

small disc-shaped objects along process hines, batch operations or product storage
locations for quality control, testing, packaging, labeling, stwface treatment,
paipting/coating, etc. This 18 particularly true for commercial grain anslvzers which

Hr use disc-shaped sample cups that are hand-loaded into the grain analyzer individually.
Despite attempls al swtomating the process, i has proved difficalt to feed dise-shaped
objects into g precise postiion at finely-iined intervals, Theve would be griéat
mdustrial applicabilivy in a dise feeder/conveyor that can be readily interfaced to a
conveniional grain analyzer or other device to queue sample caps and transfer them

15 on-demand innuediately inio @ prain analvrer without delay, so that testing ocours s
soon as possible after the sample is loaded mnto the sample cap. The foregoing would
allow 8 human operator to Hil a plurality of sample cups with materials to be
snalyzed, load those sample cups o a quene on the feeder/conveyor, the
feederfconveyor thereupon automating the infeed of the queued sample cups into an

20 analyzer ou an as-needed basis so that samples are tested as soon as possible after
being removed from the lne. Also, sample cups can be gjected from the analyzer

back onto a retwm queue on the feeder/convevor for prompt disposition.

ok
124
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3 Weolumy
i A feeding mechanism for indexing sample cups at the exit aperture of 3
scanning monochromator, comprising:
a sample cup quewing mechanism configured for attachment to said scanning
monochromator, said sample cup quening mechanism further comprising,

i an infeed track acutely-angled downward from bhorirontal toward a
point facing said exit aperture for gravity-feeding a phuvality of said swmple
cups thereto,

g optfeed wack acutelv-angled dowaward from horizontal away from
ssid point for gravity-feeding a pluratity of said sample cups therefrom,

13 whereby siid infeed track and said owfeed rack converge radially
toward said point aperture; and
a carousel rotatable about said point, said carousel comprising g rodatable dise

defined by a plurality of radiallv-spaced recesses, each of sad plurality of recesses
being configured to seat one of said sample cups.

20 2 The feeding mechanism according to claim 1, further comprising a switchable

gate proximate an end of said infeed track for gating sample cups into said carousel.
3. The feeding mechanism according to clamm I, further comprising a spinner
wheel proximate said carousel for sphming said sample cups when sested i ong of
said U-shaped noiches.

5 4 The feeding mechanisn aceording to claim 1, further comprising 8 raject

chute.
5 The feeding mechanizm according to claim 4, further comprising a solenoid

post proximate said carousel, outfeed track and reject chate for diverting said dise-

shaped objects away from said outfeed track into said reject chute.

17
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&, The feeding mechanism according o claim 1, wherein said sample cup
quening mechanism is pivotally-attached 1o said scanning monochromator by hinges.
7. The feeding mechanism according {o claim 1, wherein said mfeed track has a
first sensor for detecting when 1t is full of sample caps.
R. The feeding mechanism according to clatm 7, wherein said infeed rack has a
Hy second sensor for detecting when it is emipty of sample cups.
3 The feeding mechanism according {o claim 1, wherein ssid phaahity of
tadhally~-spaced recesses all comprise semi-cireular recesses.
3 The feeding mechamsm according o claim 1, further comprising a first
calibration standard seated in one of said radially-spaced recesses,
15 11 The feeding mechamsm according to claim 10, firther comprising a second
calibration standard seated in another of said radially-spaced recesses.
12, The feeding mechanisin according to claim 1, further comprising a pusher
mechanism for keeping satd sample cups pressed flatdy sgamnst the monochromator.
13, The feeding mechansm according to claim 1, further comprising a first radio
20 frequency identification {RFID) reader'writer external to said sample cup queuing
mechanisny
{4, The fesding mechanism according o claim 13, wherein said sample cup
quening nechaniym comprises g second RFID readeriwriter.

15 The feedmy mechanism according 10 claim 1, wherein said carousel is servo-

fa ]
043

drivesy,
6. A feeding mechanism for indexing obiects to an analyzer, comprising:
an object qusning mechamsm configwred for attachment 1o said analyeer, sawd

object queaing mechanism further comprising,
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3 an infeed track acutely-angled downward frons horizontal toward 1
point proximate said analvzer for gravity-feading a plurality of said objects
therelo,

an owtfesd track acutely-angled downward from horizonial away from
said point for gravity-feeding a plurality of said objects therefrom,
i whereby said infeed track and said outfeed track converge radially

toward said point; and

a carousel rotatable gbout saxd pownt, said carousel comprising a dise defined
by a phlirality of radially-spaced recesses, each of sasd phuvality of recessed being
configurad to seat one of said objects.

13 17, The feeding mechanism according o claim 16, further comprising a
switchable gate proximate an end of said infeed track for gating objects into said
carousel,

18, The feeding mechanism according o claim 16, further comprising a first radio
frequency identification (RFID) reader/writer external to said object queuing

20 mechanism.

9. The feeding mechanism according to claim 18, whersin said object quening
mechanism comprises g second RFID reader/writer.
20, A feeding mechanism for advancing a disc-shaped object, the device

coanprising:

fa ]
043

an infeed track for quesing a phrality of said disc-chaped objects, said infeed
frack being angled downward from horizonial;

an ontfeed track for queuaing a phaality of said disc-shaped objects, said

outfeed tack being angled downward from horizontal opposite said infeed

frack, whereby said infeed track and said owtfeed track converge:
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a reject chage;

a servo-drive carousel rotatable about said point, said servo-drive carousel
comprising a disc defined by a plurality of U-shaped notches for receiving said dise-
shiaped objects;

a switchable gate proximate an end of said infeed track for gating disc-shaped
Y objects into said carousel; and

a spinner wheel proxamate said caronsel foy spinning said disc-shaped objects
when seated 1o ove of said U-shaped notches; and

a solenoid post proximate said carousel, outfeed rack and reyect chute for
diverting said disc-shaped objects away from said cutfeed queve into said reject

15 c¢hute

20
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