FASTENER | NSPECTI ON SYSTEM BACKGROUND OF THE | NVENTI ON

1. Field of the Invention The invention rel ates
w@emsned4ly to a system and a nmet hod for i nspecPCT§G2004/000378

fasteners, such as screws. 2. Description of the Prior

Art In assenbly operationslwhere fasteners such as

t hreaded screws are automatically installed by a

machi ne, defective fasteners cause damage to the

product bel NOFASTERHIINSPEBTION'GYSTERPS |y repairs.
Thus, it is critical for quality control to inspect

fasteners for surface flaws prior to use. In the past,
fasteners have been manually and visually inspected by
wor kers. However, threaded fasteners are normally nade
BACKGBOHNDQIF'VHELJWEMTIQNseveraI t housand fasteners per
hour. Visual inspection to sort out defected fasteners
1. Field bPtReseBntidrgh vol une production has been known to be
very tinme consum ng and | acking in adequate precision.
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fasteners. However, recent zero defect denands for
fasteners sugh & So€Weners by the end users have resulted in
the requirenent that the fastener suppliers inspect

. 2. DestfidtigreofcipetPridr Adbe t hreaded fasteners prior to ,
shipping to the end users. Statistical sanpling is no

thORS&EEmBIY YRGS Swh&ER 1AGeh8FHUdHCas threaded screws are
automatically installed by a machine, defective fasteners cause damage to the
product being assembled, resulting in costly repairs. Thus, it is critical for quality
control to inspect fasteners for surface flaws prior to use. In the past, fasteners have
been manually and visually inspected by workers. However, threaded fasteners are
normally made at a high volume, e.g. several thousand fasteners per hour. Visual
inspection to sort out defected fasteners from such high volume production has been
known to be very time consuming and lacking in adequate precision. Sampling
programs were implemented for monitoring the quality of high volume production of
threaded fasteners. However, recent zero defect demands for threaded fasteners by
the end users have resulted in the requirement that the fastener suppliers inspect 100
percent of the threaded fasteners prior to shipping to the end users. Statistical
sampling is no longer an acceptable testing technique.

There is an increasing need for an evaluation of all critical dimensional criteria

of individual threaded fasteners by the suppliers to ensure that defective threaded



There is an increasing need for an evaluation of all
critical dinmensional criteria of individual threaded

wo awbeed1s by the suppliers to ensure that defBCr/5GE04/000378
t hr eadedf asteners are renoved before shipnment. As an
attenpt to provide 100 perc2nt inspection of threaded
fasteners, several non-contact inspection systens have
been devel oped for automatically perform ng various

' fastenb®g%c@ng51%qgéf§re aﬂéﬁ%ﬁ no. 4,457,622, issued to Kato

0Ses a screw i nspectl on devi ce, vvh| ch
gcl udes a screw.transfer nechani sm a sensor

g atempt 1o Prvide ﬂpﬂ&?rﬁ@%nﬁm@msoféhrqaﬁledst@ﬂ@mﬁrs several

during the transfer, a conparator for generating

non-cataepirspeetion rsyatw&sphane ebemrgdevelopad donaatonhaticdllgrperforming
classifying the screws into defective and nondefective

Vanou§(§ﬁ§j’%ﬂ S. Patent no. 4,598,998, issued to Kanei et
I scloses an inspection systemin which light i s

S Eatel a0 4 45282 c30e do A Rk, sisclaren,apishy Bippoction

of the intensity of the reflected light. U S. Patent
devicgyowhigtsdaclades & ssarew tranFfesnpemhanisnclaosensan for performing
aut omat ed i nspection device, which includes a canera

predefe(i’fnnﬁéd)%é‘éd‘weﬁle‘ﬁtﬁ%@ th&B@fe @ daringIhe MRInsAEYd éicomparator for
conmput er for conparing the actual 'di nensions of
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5 &Rl?g‘n device jn which threaded fasteners can be
ScfeW%tm ¥e and iandetastive $CraWed i nto a

U.S. Patent no. 4,598,998, issued to Kamei et al., discloses an inspection
system in which light is projected onto the threaded surface of a fastener, and the
surface flaws are detected based on the variation of the intensity of the reflected light.

U.S. Patent no. 4,823,396, issued to Thompson, discloses an automated
inspection device, Which includes a camera for producing a video image of a fastener
and a computer for comparing the actual dimensions of the fastener with the desired
dimensioﬁs.

U.S. Patent no. 5,823,356, issued to Goodrich et al., discloses an inspection
device in which threaded fasteners can be continuously supplied and moved into a
test station where the threaded profiles of the fasteners are functionally tested. A
plurality of sensors are disposed along the transfer path through the inspection device
to perform predetermined measurements of the specified dimensional characteristics

of the fasteners. A sorting device is disposed close to the end of the transfer path to



test station where the threaded profiles of the

fasteners are functionally tested. A plurality of
waensoes1are di sposed al ong the transfer path PeCF/eGL04/000378

t he inspection device to perform predeterm ned

measur enents of the specifi®d di nensional

characteristics of the fasteners. A sorting device is

di sposed close to the end of the transfer path

m nonef fective ones.
separé?stﬁeg%ﬁ}e?ggﬁ'nﬁfé fgég\ '{&ﬁwé?%gh,%a %I nspection systens
are very useful, they all have certain limtations
il aonveBHona) nomeontaet ingpeeliops systems age vers ueeful, dhey all
limted. In order to increase the nunber of geonetry
have dertdinlirstationsie Oresiritatish isothadthdl §pes @f flawsdetsctedire limited.
and hardware woul d be required. Another limtation is

In ordé%ﬁp&%&%%é% gﬁf er enﬁ} #e%gk{@é% %'éﬁngé&ggcgt% cgmglex set-

easli er siz
In addltl 0 e convent| onal systens are not_capal
up of @reﬁsﬁéi)@éﬁ h@f ares wrauleh panirgauiren.u néngthes initation IS ‘that the
fasteners at high speed. SUMVARY OF THE | NVENTI ON The
conveptiesarinspectim systemsoarednet easilygadapteddof alifferent fastener sizes
I nspection systemthat includes a rotary table having

and ty@@sOLth{ddi’lﬁSd RA& dbnvé tld)r'ibﬂes" é%‘ﬂ@ t cépﬁbléo%ftigsr:pecting and

plurality of radi al otse |ng

t Lpner. peri. The radial slots are
: sortln@gg‘hﬁ&};réa Q?Sﬁé@?\?geﬁsoﬁ{msglsp%dof fasteners. A
| oadi ng mechani sm an anti-jam nechanism and a
sorting nechani smare arranged al ong the outer
peri phery of the rotary table. A plurality of

SUMMARY O THEBRMNVENTI@Nt i al |y delivered to the radi al
slots by the | oadi ng nmechanism The anti-jam nmechani sm

HhePRsehP iRnt8h 316 (tet % hiyh-4 Y Ptener inspection system that

includes a rotary table having an outer periphery, an inner periphery, and a plurality of
radial slots extending from the outer periphery to the inner periphery. The radial slots
are configured to receive a plurality of fasteneré. A loading mechanism, an anti-jam
mechanism, and a sorting mechanism are arranged along the outer periphery of the
rotary table. A plurality of fasteners are sequentially delivered to the radial slots by
the loading mechanism. The anti-jam mechanism is positioned adjacent to the loading
mechanism in order to prevent jamming as the fasteners are being delivered to the
radial slots. At least one vision inspection camera is provided for capturing the image
of each fastener while the fastener is positioned in a radial slot. An image analyzer is
operatively connected to the vision inspection camera for analyzing the captured

image and to determine whether the fastener is defective. Once the defective



mechanismin order to prevent jamm ng as the fasteners
are being delivered to the radial slots. At |east one

WO e@s0B4Ihspecti on canmera i s provided for captReT/sG004e00378
i mmge of each fastener while the fastener is
positioned in a radial slot4 An inmage anal yzer is
operatively connected to the vision inspection canera
for analyzing the captured i nage and to determ ne

rstorf A RS TR R B Ay B b Sarnpgachanim i

anal yzer, the sorting nmechanismis actuated to renove
. actuatedetaise@orvevthe gefenive fastenemironvitiae yotatyl tablaheThe fastener
fastener inspection systemof the present invention is

inspectitapsgsicne Fetiepreddlt RReatdh isnagssiddotb Periifi 408 percent
geonetry features and to sort a |arge nunber of

nspockB o oBbRsaERfrd B0 PR E RRDRSH i =

) fromthe follow ng detail ed description of the
high speg&nt i on when considered in conjunction with the
acconmpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

OReV\aNGEantddges andhmovel detturedl sfnthe presenttineehien avikkrbecome
i nspection system according to the preferred

apparﬁﬁ%"fﬁétfo%wm‘%léﬁﬁ erséﬁb’t%ﬂ 6Cthe iﬁ{lﬁntg)@ z\)&%ﬁcr%%sidered in

per spective Vi ast'ener- 1 nspec

. accordj to the preferred enbodi nrent of the present
conjuqcﬁggmlﬁtﬂtﬂ\_e %@m‘?p@waﬂ"wspect ive view of the
' rotary table according to the preferred enbodi nent of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top plan view of the fastener inspection system according to
the preferred embodiment of the present invention.

FIG. 2 shows a perspective view of the fastener inspection system according
to the preferred embodiment of the present invention.

FIG. 3 shows a perspective view of the rotary table according to the preferred
embodiment of the present invention.

FIG. 4 shows a partial view of the rotary table with the side-view inspection
" cameras.

FIG. 6 shows a perspective view of the basic components of the loading
mechanism and the anti-jam mechanism according to the preferred embodiment of

the present invention.



FIG 4 shows a partial view of the rotary table wth

the side-view inspection caneras. FIG 5 shows a
w@enspeti ve vi ew of the basic conponents of tPEI/SG2004/000378

| oadi ng mechani sm and the anti-jam nechani sm accor di ng

to the preferred enmbodi ment5of the present '

invention.FIG 6 shows a partial view of the rotary

table with the top-surface inspection canmera. DETAILED

EFERRE fer -
Eﬁéc'%lgﬂ-{)ﬁg ﬁgﬁgﬁgﬁwﬁsﬁact |t%'r¥8§)$! em afggotrs 'irsygg £ %‘?nspectlon

the preferred enbodi nent of the present inventionis a
Ccame@ynpact assenbly conprising a supply container 10, a

transfer nmechani sm 20, and a wheel -shape rotary table

30 for supporting a plurality of fasteners to be

i nspected. A | oading nechanism 40 is arranged between

DETA!I%E\??f@éCE?eﬁﬁT@NW #ﬁ#ﬁs@%@pﬁgg@%ﬁei n order

oad t asteners, one at

t sf.er anigm 20 . ontq the rotary table 30.
RERTIG G EIGE) e G31ees SatbcioB st aeordiad thdne preferred
| oadi ng mechanism 40 in order to prevent jamming as

- embodimentach theepresant ibedntipnuisl @ abeopactt asseimbly atosngriginglae supply
30. CGuide franmes 31 and 32 are arranged al ong the

contaip@f | 1) ea ir@hsfehaneshaiiym! 20! andOaf @hebl-SWapW ratary table 30 for
circular path to prevent fastener fromfalling due to

o5 4 AR e S i AR 40 1
arran&@gg-surface i nspection, canera 90. A back-|

eimepnsiransiep maghaaignt 49 anddhe; rgtary it@weifi%hitn order to load the

fasteners, one at a time, from the transfer mechanism 20 onto the rotary table 30. An

anti-jam assembly 50 is positioned adjacent to the loading mechanism 40 in order to
prevent jamming as the fasteners are being unloaded onto the rotary table 30. Guide
frames 31 and 32 are arranged along the periphery of the rotary tablé 30 for framing a
circular path toA prevent fastener from falliﬁg due to centrifugal force. The inspection
equipment includes two side-view inspection cameras 60 and 70, and a top-surface
inspection cémera 90. A back-light assembly 80 is provided for the side-view
inspection cameras 60 and 70. Openings 33 and 34 are provided in the guide frame
31 in order to enable the side-view inspection.

The supply container 10 is preferably a conventional vibratory feeding bowl
capable of supplying a large number of fasteners. The transfer mechanism 20 is
arranged between the supply container 10 and the rotary table 30 for sequentially

conveying the fasteners from the supply container 10 to the rotary table 30. The



i nspection caneras 60 and 70. Openings 33 and 34 are
provided in the guide frane 31 in order to enable the

W@ p@eAwgd4ewv | nspection. The supply contai ner 10PCHSG2004/000378
preferably a conventional vibratory feeding bow
capabl e of supplying a | argé nunber of fasteners. The
transfer nmechanism 20 is arranged between the supply
contai ner 10 and the rotary tabl e 30 for sequentially

suppi BRGNS B BENERS? SRR AR YGRS k% 11 v

transfer nechani sm 20 are nounted on a base 11 while
the rofafy talle S0is rapuried @n anathenbase 82 Thetransferavechanismid has a
transfer nmechani sm 20 has a pair of parallel guide

pair of patalleP Juitiedralld, 2 Wahg R2J efHidte dafihe anBamstep st 2%3thbi’@ b@tween
between. The width of the transfer slot 23 is smal

o % R 2 Bl S AR tneh@éad o car

iﬂa of the fasteners wl| I ented upward and
faster@ﬁ gropter than theshameder qfrth@ ﬁaaak sodhatdharhaadsiad the fasteners

fasteners are noved along the transfer slot 23. The
will bepariahlee upwakandiths shanks il Deasuspendat|in thelsiots\as when the
each other in order to enable the width of the

fastenfRARS ﬁbvéh ‘Hlorfﬁ?t réa}ﬁfélaélb?ﬁsf qfhedﬁefréfféltegﬁﬁ?% patlshnd 22 are

sl zes. Atop cooper at'es

moval 84 88 o i Lo 5 b

transfer slot 23. A closer view of the top guide rail
. variedblor gliferent fastener sizegui Adop guide 2ail 24dcaxparatesbwitb dhe parallel
in FIG 4. In order to nove the fasteners along the

~ guide taief andHso Fhatdhumehds dntie vBRbyldUEras BRIy WilkBbeld snugly
30, different conventional neans may be used. For

along Wﬁg r H&g %@?‘Whlo‘éler gidlnSr tha'tbs g%i'dearré‘i'l ZP aRB¥hd Barallel guide

rails 21 and 22 can be seen in FIG. 4. In order to move the fasteners along the
transfer slot 23 downstream toward the rotary table 30, different conventional means
may be used. For example, the parallel guide rails‘ 21 and 22 may be inclined from -
the supply container 10. Alternatively, a vibrator may be attached to the parallél
guide rails 21 and 22 in order to vibrate‘them and move them along the transfer slot
23.

Referring to FIG. 2, the rotary table 30 has an outer periphery 30a, an inner
* periphery 30b, and a plurality of radial slots 37 extending from the outer periphery to
the inner periphery. A plurality of radial support plates 36 are mounted on top of the
rotary table 30 and are spaced from each other so as to define spacings 37a. Each

spacing 37a is smaller than the diameter of the head of each fastener but greater



the supply container 10. Alternatively, a vibrator may

be attached to the parallel guide rails 21 and 22 in
wo@e@ene4es vi brate them and nove t hem al ong t heP@T/8GE0€000378

slot 23. Referring to FIG 2, the rotary table 30 has

an outer periphery 30a, an Tnner periphery 30b, and a

plurality of radial slots 37 extending fromthe outer

peri phery to the inner periphery. A plurality of

than & oRERRING SRaRl” i B FeAREA, B RuEhr L rasteners s

to define spacings 37a. Each spacing 37a is snaller
could resinon e Guppereplaies t3gewhiadhefs susnendein the slots 37 as
greaterthan the dianmeter of the shank. By this

shownaih'FICGD STeGLide pifis B8sle @ded fof posRibAMY theSsupperidhlarst36 on top

on the support plates 36 while the shanks suspend in

of the By t3b, ¢, e HRENhE sclgyato ot 5ed 187 s the suppor

t he rot ar%/ tabl e 30,_and tightening screws 39 are used
plates {3 tosthepiaty talle 30;pple folgnatable 881 polatable slogkyiseasy that the

30. The rotary table 30 is rotatable clockw se so that

fastenetzeSfsaspended irbtivu eutaldstotsi 37 tdld hadeariveykedtaioRy aaineuthr path
be conveyed.along a circular path in a clockw se

in a clSbivASe bRBetidgeferring to FIG 4, the |oading mechani sm
4(5&|ﬁncl uges a track top cover 42a and a fixed |inear

F3i0 63 o Weriodiing aBarapie 4 ipucs &fek (g cdver 42a

base 12 by a nounting assenbly 46. The anti-jam
and a fied dineameoki4dcandethe teaskitap-dayadd@ israttagheh tarars®ipper 43.

and a spring 52. FIG 5 shows the basic conponents of
- The liige@ trasiddngs mearad ohtd dhavibadet TEEbY lftourfiRg assembly 46. The
anti-jam mechanism 50 includes a spring-loaded anti-jam arm 51 and a spring 52.
FIG. 5 shows the basic components of the loading mechanism 40 with the track top
cover 42 detached for illustration. The fixed linear track 44 has a dischargé slot 45,
which is aligned with the transfer slot 23. The track top cover 42 is provided with a
groove 42a for guiding the heads of the fasteners and is replaceable to accommodate
different fastener sizes. The track top cover 42 and the linear track 44 éooperate to
load the fasteners from the transfer slot 23 sequentially into the radial slots 37. The
- mechanism used for moving the fasteners along linear track 44 include a vibrator and
~an air-jet system. - During the loading operation, the discharge slot 45 is aligned with
a radial slot 37 and one fastener S is moved into the aligned radial slot 37. The rotary

table 30 then rotates clockwise so that the adjacent radial slot 37 is aligned with the

discharge slot 45 and a subsequent fastener is moved into the adjacent radial slot 37.



cover 42 detached for illustration. The fixed |inear

track 44 has a discharge slot 45, which is aligned
wowak/osdaes t ransfer slot 23. The track top covePCHRGR094/000378

provided with a groove 42a for guiding the heads of

the fasteners and is repl acgable to accommopdat e

different fastener sizes. The track top cover 42 and

the linear track 44 cooperate to |load the fasteners

This SABRY' BBoh AR 55 BB sB TRAETAG Shbitybfd 3k et Bby an
along linear track 44 include a vibrator and an

sequentially dransferreth inburthagradial sledsiidfy dher stopper 48ds positioned
di scharge slot 45 is aligned with a radial slot 37 and

substaggauirﬁétpwﬁﬁc&ﬂ ® thevRidar ok Yascwhbiebiethe! resiigllogded fasteners

e rotary table 30 then rotates cl ockw sé so that
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into the adjacent radial slot 37.This_ |oading .
30 rotaips ilapkuise. s The gadiriam awn Bids provdded vitbseedrvadeedge 51a, which
conti nuously and sequentially transferred into the

substantidliyfolkives the3 éurvenef #icopprmetst ofthpastdry aable 30. The anti-jam
substantially perpendicular to the linear track 44,

! t ; . .
arm 51 SR TIS Mo AR ofa FARDSEES DaCYEI4ffAmin 51 1s
capab[egtog:%y%g bsv\g’@ﬂ)?or@rty?agglp%gig eig’li'g’f -gagirﬁér'y_ {65 wHen the

substantially follows the curve of the perineter of

fastenetse Sr ateajammeisl as 3bey Bt thet dischanger slob #5. s The fasteners S are
spring-1oaded by the action of a spring 52 so that the

jammedvheh aWoasrele fastéRealire rﬁbvihgtiﬁt%Cthé%nﬁ’é\@ddiﬁr'Qlﬁt Be When
: peri phery of the rotary table 30 when the fasteners S

i S e 4 51 R SAAY o  hor ey of e
rotary ;rgmgn gc? ta% ttohgllo%?ﬁe Eaarélj;naeld f%lstoetneﬂé e\é\QSSe into the gap X formed
between the curved-edge 51a and the outer periphery of the‘rotary table 30. The
éscaped fastener then moves into 'the adjacent vacant siot 37. The anti-jam arm 51 is
mounted to the base 12 by a movable mounting member 53.

Referring again to FIG. 4, the top-surface inspection camera 90 is omitted
herein in order to provide an unobstructed view of the side-view inspection cameras
60 and 70. The side-view camera 60 has a lens 61 and is mounted onto the base 12
by bracket 62. The camera 60 is oriented so as to capture an unobstructed side-view
| image of each fastener when each fastener reaches the location 33. The side-view

camera 70 is a close-up view camera, which has a lens 71 and is mounted onto the

base 12 by bracket 72. Camera 70 is positioned closer to the rotary table 30 than



jamm ng occurs, the anti-jamarm51 retracts away from

the outer periphery of the rotary table 30 so as to
w@bdosmene j armed fastener to escape into the BEPSG2004/000378

formed between the curved-edge 51la and the outer

peri phery of the rotary tab9e 30. The escaped fastener

then noves into the adjacent vacant slot 37. The

anti-jamarm>51 is m)unted to the base 12 by a novabl e

3. err ainto FIG, 4, .the
 camergD8 i, Mot lE Roptie; 06 el STl iine & dish Fitener when
order to provide an unobstructed view of the side-view
- each fapigpet reashasappenringct. aBackightsn@l ande32 aevpositionad suithin the
' has a lens 61 and is nounted onto the base 12 by

inner pedpkaty 6Rthel hetarptabr 80, bﬁdoéﬂeeﬁﬁéﬁiteaos@?ast o ¢hBl L&déquate
an unobstructed side-view i mage of each fastener

onun il BB 8o o e .

and is nounted onto the base 12 by bracket 72
back-llgal@se%am@ 82sarggupunieseen brasket 8$o~hlﬁé is mounjed tpihe base 12 by

t hancanera 60 in order to capture a close-up side-view

assembiygentfers 8drarida85 ¢hack-ligre 8 1ectbé ssérireFiG.eHches
openi ng 34. Back-lights 81 and 82 are positioned

‘Metfé‘r‘rﬁ‘ngtth:lgﬁ%e"thé’?@ @Uﬁééée gfggte flor 8%1%9%? b@tﬂéas %Qeuﬁ@ij and is

are orrented sd as

sat p an 4fortheca r
held iry o5y SuBhoRr i ta dnd- 0%, & Rutionies E?ae@@b &.g. ring
83, which is nounted to the base 12 by assenbly
LED, iseprigvidecshelavd tBe lepad2 in gndersto provide astespuaite lighting for the
1). Referring to FIG 6, the top-surface inspection

PepeciomSamad s T g S0t e ak b e S T spector
" camerd 80 f& fouhld®onto a base 96 that is slidable by the action of the mechanical
slide 94. The top-surface inspection camera 90 is operable to inspect the top surface
of each fastener for crack, recess deformation and contamination.

The guide frames 31 and 32 are supported by a plurality of stand-offs 35. An
Aair—jet supplier 100 is positioned on the guide frame 32 at a spaced distance from the
top-surface inspection camera 90. Below the air-jet supplier 100 is a reject chute 101
for receiving‘the rejected fasteners. The air-jet supplier 90 is operable to direct an air
jet onto the rejected fastener so as to blow the rejected fastener into the reject chute
91. A sweeper 102 is attached to the free end of the guide frame 32 and is positioned

. at a spaced distance from the air-jet supplier 100. An acceptance chute 103 for

receiving non-defective fasteners is positioned below the sweeper 102.



LED, is provided below the lens 92 in order to provide
adequate lighting for the inspection canera 90. The

wo e@ineaes 93 is held in place by bracket 95. TPEI/SG2004/000378
i nspection canmera 90 is nounted onto a base 96 that.is
slidable by the action of tle nechani cal slide 94. The
t op-surface inspection camera 90 is operable to
i nspect the top surface of each fastener for crack,

e r, ' n The i de_fr anes
Thecsifedtedn 8ol Paneae: BOLAH 2P ine Ufe BikRfnasd Mbection
" 35 An air-jet suppl ier 100 is positioned on the guide

camerp Qharesoperatiyelypeeueaied te sddiagsrpronessiog-compuiee(not shown)
i nspection canmera 90. Below the air-jet supplier 100

for analgziagrthk eripteidt itnddds. f The rcopmputenBas five ir%ip%@h@ﬁ* criteria for the
fasteners. The air-jet supplier 90 is operable to
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102 is attached to the free end of the
view 0? F%Ea%@%macwepbgaduww head digmeted, %lmlﬁha@@aw, rtbmad pitch,
the air-jet supplier 100. An acceptance chute 103 for
underfille ogew 1 quitchcamdl efter tpregrdmsiableedisndrsiargs i Fiom dlee baptaved side-
t he sweeper 102. The side-view i nspection caneras 60

view irﬁégerg Ghe tt'iél%utn‘éﬂs fé’ﬁﬁe'f&ét@ﬁ@@&éhﬁé%téin%@ afr  computer

ative Yy connect tO an processi ng

hown Th
compa&g%ﬂf Iaqt‘%gl af{ggﬁgj f"ﬁﬁh the; rgrﬁrg?gqulﬂga@ctlon criteria, then
acceptabl e fasteners pre-stored in its nmenory. The
determinep avhetbar dhetfastendrsranchdefsictive.vi Eav tife top-stifacerinspection,
i nclude: head hei ght, head dianeter, shank |ength,

crack, t Gotaehipation, atteidridentrisiiercah Bbt Géte&ﬁﬂnéﬁheﬂf a fastener is
prograrmabl e di nensions. Fromthe capt ured sidevi ew

: deternié a 0} dé Q@E@&Néabag%m W fi8imAditsh 18541988 "Porfi ARe Plde-view

e’ ‘conpu

inspection or the top surface inspection, then the air-jet supplier 100 is actuated to
blow the rejected fastener into the feject chute 101 when such fastener reaches the
location below the air-jet supplier 100. If the computer determines that the fastener is
acceptable, the acceptable fastenér is permitted to remain on the rotary table 30 until
~ the acceptable fastener reaches the sweeper 102, where the acceptable fastener is
-swept into the acceptance chute 103.

The inspection system of the present invention is capable of fast changeover
" time for different fastener_ types and sizes. Other advantages of the inventive system
| include: quick and easy conversion of pre-programmed inspection criteria; minimum

product failure; minimum maintenance; hardware and software can be upgraded.



conpares the actual dinmensions with the pre-stored
i nspection criteria, then determ nes whether the

wo awbeea1s are defective. For the top-surface PCT/SG2004/000378
i nspection, crack, contam nation, and concentricity
can be determned. If a fastkner is determ ned to be
defective based on the information received fromthe
side-view inspection or the top surface inspection,

ARt el plbr BriRtieht. i qﬁéﬁfﬁ‘sg%aﬁ‘fuﬁ%ﬂmgtﬂ‘%s been

fa tener reaches the |ocation below the air-je
 descripggpherein, libghoptd badindarpiaoel thedthe mwe@élonriatnqtf@nﬂned to the
fastener is acceptable, the acceptable fastener is

detailp andi dragdhd destritied abovdebutomnalybd makicdOwithini thetdwpe of the
acceptabl e fastener reaches the sweeper 102, where the

e fastener is swept into the acceptance chute
appedﬁ%@%m%ﬁgiinspection system of the present invention is
capabl e of fast changeover tine for different fastener
types and sizes. O her advantages of the inventive
system i ncl ude: qui ck and easy conversion of
pre-programmed i nspection criteria; mninmm product
failure; mnimum mai nt enance; hardware and software
can be upgraded. Al t hough the preferred enbodi nent of
.the present invention has been described herein, it
shoul d be understood that the invention is not
confined to the details and draw ngs descri bed above,
but may be nodified within the scope of the appended
claims. CLAIM5S 1. An inspection systemfor inspecting
and sorting a plurality of fasteners, each fastener
havi ng a head and a shank, said system conpri sing:



a rotary table having an outer periphery, an inner
periphery, and a plurality of radial slots extending
w0 e@s0633es out er peri phery to the inner peri phePgT/S€z0%000378
radi al sl ot being configured to receive a fastener
with the head of the fasten® facing upward and to
shank suspending in the radial slot; neans for
rotating the rotary table; a | oading nmechani smfor
CLAINE?quentially delivering the fasteners to the radia
ots; an anti-jam nmechani smfor preventing janm ng as
the fasteners are being delivered to the radial slots;
at | east one vision inspection canmera operable to
capture an i mage of each fastener after the fastener

1. has ikgeietidalsystsradot ms’pebﬁﬁg%lncﬁé@‘tmg@plumﬂ? oRMadteReFs, each
operatlvel y connected to sard at | east one vision

fastenpPAAGHG A e AT BRI A e Bl Sl AR e "

captured |mage Is defective; and a_sorting nmechanism
foFotaphiable §auing arputar RefiFhesy caikinfar RNphen; @ngrg plurality of
tabl e when the defective fastener has been identified

radial blpts ertandirgeireneadnezeuter poeiphery tohbielinnel paripheey)asdchinadial slot
- the anti-jam nmechani sm and the sorting mechani sm are

e 00, A BB PPl g v
anct to SR s PaTTER PR B oneg 1 ong ¢ he outer

means for rotating the rotary table;

~ a loading mechanism for sequentially delivering the fasteners to the radial

slots;

an anti-jam mechanism for preventing jamming as the fasteners are being
delivered to the radial slots;

at least one vision inspection camera operable to capture an image of each
fastener. after the fastener has been delivered to a radial slot;

an image analyzer operatively connected to said at least one vision inspection
camera for analyzing the captured image and to determine whether the fastener
shown in the captured image is defective; and

a sorting mechanism for removing any defective fastener from the rotary table
when the defective fastener has been identified by the image analyzer,

wherein the loading mechanism, the anti-jam mechanism and the sorting

mechanism are positioned along the outer periphery of the rotary table.



bet ween the | oadi ng mechani sm and the sorting
mechani sm and an acceptance chute positioned adjacent
W 005ke34sveeper, wherein the sweeper is adapt ePiCT/862004/000378

sweepi ng the non-defective fasteners fromthe rotary
table into the acceptance cigite. 3. The inspection
systemof claiml1l, wherein two side-viewinspection
canmeras are provided, one of the cameras being cl oser
to the outer periphery of the rotary table than the
other, and the inage anal yzer is operatively connected
to both side-viewinspection caneras. 4. The

2.  iHwinspesction gystem of claimiirfutthenbemprisingai d si de- vi ew
i nspection caneras capture unobstructed i mage of each
S@sﬁ/ebpléP EPgi'tﬁoﬁéé& %!Ighﬁd e Gief @Fipﬁ?@tcﬁ‘iﬁ@ ré@hy i‘a?ﬂéiﬁt B 9ocation

a radia € I nspection s emof clarml,

 botwebf 58 g e Api Ty B R RE A reRlBh A e oy O

The inspection systemof claim1, wherein the
(A1) aeernignee chualel positiangst adjeseat toithesweepatk with a
di scharge slot for guiding the fasteners toward the

Iaihéricin tiRbsweepd id ddapréd for swdeplay it nendersvtive asteners from
end that is positioned adjacent to the outer periphery

the mmﬁm?a@?qr% atg?gﬂ"?g‘?@?ﬁuf’@i‘d di scharge slot having a

an the head di ameter of each
fastener but greater than the dianeter of the shank;

3. The inspection system of claim 1, wherein two side-view inspection cameras are
provided, one of the cameras being closer to the outer periphery of the rotary table
than the other, and the image analyzer is operatively connected to both side-view

inspection cameras.

4. The inspection system of claim 1, wherein said side-view inspection cameras
capture unobstructed image of each said fastener after the fastener has been

delivered to a radial slot.

5. The ihspection system of claim 1, wherein a top-surface inspection camera is

provided for inspecting the top surface of each fastener.

6. The inspection system of claim 1, wherein the unloading mechanism

~ comprises:



a track top cover nounted on the linear track for

covering the discharge slot; and a stopper positioned
wW@eoanentst o t he downstream end of the |inear PCHE&29000378

as to prevent each fastener fromnoving toward the

i nner periphery of the rotagy table after each

fastener has been transferred into a radial slot. 7.

The inspection systemof claim®6, wherein the anti-jam

nechani sm conpri sgs,an. anti.-j am ar.m posjti-.oned
FhfiEEBh Tapk Wiea FISHaros Alafor Hing e fastmiarmtawarchthie rotary
a curved edge positioned adjacent to the outer

table, said fineay tratk thayvingp aalgwnstvbam and thatds pusitignaa adjacent to the
bei ng spring-1oaded so that the curved edge can

outer PSEPQ@%%\“@% frbfﬁfgttﬁﬁle?%ﬁi s méygaé)gl]og%vf al'yidth that is

en the faSteners are ja e |1 nsSpection

: system of claim1l rein.the sortin hanism,.
smallqgéﬁﬁp {Ibggx_eagﬁdlgmej?req %quéq;n?roput}grgﬁ ghqrhthe diameter of the

defective fastener fromthe rotary table; and a reject

shankghut e positioned adjacent to the air-jet supplier for

receiving the defective fastener.9. The inspection

W §aeRtep doval Mduntdd Vreibie ifkar PAGK 1orlcalRbing $he discharge slot;

provided with a plurality of support plates Tadially

arranged on the rotary table so that a spacing is

defi ned between adj acent support plates, each spacing

having a widith that is smaller than the di aneter of

thalappgd Positioned adjacamde thatdayynsiteam end ol ithe linear track so as

di-aneter of the shank, and each spacing being aligned

to prevéntheactt Fastanemfrosl moving towamantie inhet peripiéry ofthe rotary table
heads of the fasteners to rest on the support plates

after e¥bhlf8steher hAgpkan WdrRtréd o a radial slot.

and

7. The inspection system of claim 6, wherein the anti-jam mechanism comprises
) an anti-jam arm positioned adjacent to the linear track, the anti-jam arm having a
curved edge positioned adjacent to the outer periphery of the rotary tablé, and the
anti-jam arm being spring-loaded so that the curved edge can retract away from the

outer periphery of the rotary table when the fasteners are jammed.

8. The inspection system of claim 1, wherein the sorting mechanism comprises: an
air-jet supplier for blowing the defective fastener from the rotary table; and
a reject chute positioned adjacent to the air-jet supplier for receiving the defective

fastener.



the radial slots. 10. The inspection systemof claiml

further conprising: a vibratory supply bow for
waeepplyi4sny a plurality of fasteners; and a pai PCD$G2004/000378

paral l el guide rails defining a transfer slot there

bet ween, wherein the parall& guide rails are arranged

between the vibratory supply bow and the | oading

rrechani sm so that the fasteners may be sequenti ally

fed .ne vi bra bowl an transfe
9. i WsRchER Yt aher 3 Blen3Bid movied vith o
syst em of clalmlfurther corrprlsmgall ht for

plurallw pisupRortYatescradialit arrenged amihe sotanetaile sadhat gispacing is
i nspection canera is capturing the side view inage o f

definedisetiveeheitfaceritsupporBhiagss, b@bh%ﬁa@o@ h&Ahd ¥ width that is smaller

i nspecting and sorting a plurality fast eners, said

oan AR 05 i LB RN AP0 Bt ot v

hery, an inner perlpherg and a plurality of
shank,r aad aﬁa0§|| sRascirg being alipracdwithirachutasial séatiip raetmnn@r thed enable
i nner periphery, each radial slot being configured to

the headsafthe fadiesicents redtion theagispdart praaésivnilg théehanksiextend into
table; (c) a loading nechanismfor sequentially
the radisl &y i ng the fasteners-to the radial slots;

10.  The inspection system of claim 1 further comprising: |

a vibratory supply bowl for supplying a plurality of fasteners; and

a pair of parallel guide rails defining a transfer slot there between,

wherein the parallel guide‘ rails are arranged between the vibratory supply bowl
and the loading mechanism sé that the fasteners may be sequentially fed from the

| vibraiory supply bowl along the transfer slot to the loading mechanism.

11.  The inspection system of claim 1 further comprising a light for illuminating each
fastener as said at least one vision inspection camera is capturing the side view

image of the fastener.

12. A method for automatically inspecting and sorting a plurality of fasteners, said
method comprising:

providing an inspection system comprising:



(d) an anti-jam nechani smfor preventing janmm ng as
the fasteners are being delivered to the radial slots;

W@ ejosab34hast one vision inspection canera opePeEhb&@200¢000378

capture a side view imge of each fastener after the
fastener has been deliveredi¢o a radial slot; (f) an
i mge anal yzer operatively connected to said at | east
one vision inspection camera for analyzing the

capt ur i e to detern ne whether the fastener

Shown () 4 R8s Bl sivite: 80 § 88, BRERRDL ahdnpdt pfishery, and a
sorting nechani smfor renoving any defective fastener

from t he plorality afedialvélets exiendoig fron éhé amttemperiphary to the
been identified by the inmage anal yzer; inspecting a

pl ural i t YinAbr fRSIPARRY S edBhNEhdiAl Qldt%&ﬁ?é&&?@é& &8 receive a

and separating any defective fastener f

[ nspect‘ej %%?{Pg;ners{ 13. The method of claim 12,

wherei n e stener has a head and a shank. 14. A
met hod for autonati cal I% I nspecting and sorting a

pl ur al (@) yneaAns fes relating the setanntabieid conpri si ng:
providing a rotary table having an outer periphery, an

i nner (gpai Ipading meoHanisal foralddquenthlly ddiivérir PleSasteners to the
extending fromthe outer periphery to the inner

peri pheryaqepeiiis-adi al sl ot being configured to
recei ve a fastener;

(d) an anti-jam mechanism for preventing jamming as the fasteners are
- being delivered to thé radial slots; |
(e) at least one vision inspection camera operable to capture a side
view image of each fastener after the fastener has been delivered to
a radial slot;
(f) an image analyzer operatively connected to said at least one vision
| inspection camera for analyzing the captured image and to
determine whether the fastener shown .in the captured image is
defective; and
4(g) a sorting mechanism for removing any defective fastener from the
rotary table when the defective fastener has been identified by the
image analyzer;
inspecting a plurality of fasteners using said inspection system; and

separating any defective fastener from the inspected fasteners.



rotating the rotary table; sequentially delivering a
plurality of fasteners into the radial slots, one

wo 205068315 per sl ot; operating at | east one vi SPOFSG2004/000378
i nspection canmera to capture an unobstructed side-view
i mage of each fastener aftet7each fastener has been
delivered to a radial slot; analyzing the captured
i mage to determ ne whether the fastener shown in the

13, tieifiod PR R34 SUEFbin'Saorl ERtleh el M pbd i g e

fastener has been identified; and collecting the
non-def ective fasteners on the rot ary tabl e.

14. A method for automatically inspecting and sorting a plurality of fasteners, said
method comprising:

providing a rotary table having an outer periphery, an inner periphery, and a
plurality of radial slots extending from the outer periphery to the inner periphery, each
radial slot being configured to receive a fastener; |

rotating the rotary table;

sequéntially delivering a plurality of fasteners into the radial slots, one fastener
per slot;

operating at least one vision inspection camera to capture an unobstructed
side-view image of each fastener after each fastener has been delivered to a radial
slot;

analyzing the captured image to determine whether the fastener shown in the
‘ céptured image is defective; |

removing any defective fastener from the rotary table when the defective
fastener has been identified; and

collecting the non-defective fasteners on the rotary table.



