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DESCRI PTI ON OF THE Pdﬁ Patent No. 4,747,479 discloses a device
for testing or proces electrlcal conponent parts having end face
contacts which includes an endless conveyor belt having a plurality of

hol es. The device is provided with a neasurenent and/or processing station
havi ng a swi ng arm whi ch includes a contact elenent that contacts the end

face contacts of THFIE QO TEHE INVENEDON ocated in the hole) Further,
Japanese Lai d- Qpen Patent Publication No. HElI 9-315566 discl oses an

apparatus for inspecting the faces of hexahedral workpieces. To acconplish

such inspection, the inspection apparatus IS, eqwipﬁed with a first disk
whi ch haWarkpregealnspgctipns Apparais Qv [pspactionsMeshegdd in the out er

BACKGROUND OF THE INVENTION

/ FIELD OF THE INVENTION ””I’”IIII Il/l"/m””lllllllllﬂlll

*166166*

The present invention relates to a workpiece inspection apparatus and

inspection method for inspecting the faces of polyhedral workpieces.

DESCRIPTION OF THE PRIOR ART

U.S. Patent No. 4,747,479 discloses a device for testing or processing
small electrical component parts having end face contacts which includes an
endless conveyor belt having a plurality of holes. The device is provided with
a measurement and/or processing station having a swing arm which includes a
contact element that contacts the end face contacts of the electrical component

located in the hole.

Further, Japanese Laid-Open Patent Publication No. HEI 9-315566
discloses an apparatus for inspecting the faces of hexahedral workpieces. To
accomplish such inspection, the inspection apparatus is equipped with a first

disk which has a plurality of first concave portions formed in the outer



d 6 March 2002 periphery thereof to hold workpi eces, and a second di sk
which is arranged orthogonal to the first disk and which has a plurality of
second concave portions fornmed in the outer periphery thereof to hold

wor kpi eces received fromthe first concave portions. Furthegpmarenh2003t face
i nspection canera is provided outside the first disk to inspect three faces
of the workpiece, and a second face inspection canera is provided outside
the second disk to inspect the remaining three faces of the workpiece.
Unfortunately, because this workpiece inspection apparatus uses the outer
circunferential portions of disks to hold workpieces while carrying out

ins peCt}ie@ipheIr?ehmdfmeﬁﬂd o kpiecyd] e dt Deeddirt dikdwhiieli & agangkd a narrow

space available for arranging the inspection caneras and the |rke.
Consequatitagonal e thefast disk arfd wdriph hastasplumalityhef secdmed coficpossi bl e desi gn
configurations for such inspection apparatus are extrenely limted) SUMVARY
O THE poxiyeng formed ipithgyamter periphen gme@f ta heldwaskpigaesdeseivieded above,
it is an obje f the present invention_.o provide a,workpiece inspection
appar atIRDANG Hs GRBERVH PREGDY KT nAEES: {ACIBEPEFioR GABETAY | he
selectign o onpeonent s..and..t nunber, . pf ssi bl esign.configurations.
o a@roy Bl SRR e igkl bR So et BreckBieth Rrane FERAGHERE AtbA Y. “rhe
wor kpi | ' § W3 ' al

wor kpi SECARdTRGE < PR sHrovABERbIgile HE e BT 0k BENSBEEL .t ess

Convey‘?ﬁe?&htairﬂﬁ\git'ﬁﬁleé‘f&éér@ﬂﬂHe)’wB?kﬁi%E@.‘"’ay portions fornmed therein for

Unfortunately, because this workpiece inspection apparatus uses the
outer circumferential portions of disks to hold workpieces while carrying out
inspection, the workpieces are crowded together and there is only a narrow
space available for arranging the inspection cameras and the like.
Consequently, the selection of components and the number of possible design

configurations for such inspection apparatus are extremely limited.
SUMMARY OF THE INVENTION

In view of the problems of the prior art described above, it is an object
of the present invention to provide a workpiece inspection apparatus and
inspection method which make it possible to expand the selection of

components and the number of possible design configurations.

In order to achieve the object of the present invention stated above, the
workpiece inspection apparatus for inspecting the faces of polyhedral
workpieces according to the present invention includes at least one endless

conveyor belt having a plurality of cutaway portions formed therein for



6 March 2002 hol di ng the workpi eces, and inspection devices for inspecting
t.he exposed faces of the workpieces held in the cutaway portions of the
conveyor belt, wherein that the conveyor belt is so arranged that a fl at
face thereof is set substantially vertically and the cutamaywﬁmﬂ{ggng are
formed at an upper end of the conveyor belt. Further, the workpilece

I nspection apparatus is provided with at | east one guide plate arranged on
at | east one side of the flat face of the conveyor belt to prevent the

wor kpi eces fromfalling out of the cutaway portions of the conveyor belt.
Furthernore, in the nethod of inspecting the faces of polyhedral workpieces
accor dihodgding theewprlgsieaes,i andeispestiohdevicesforcingpeeting iths expeded nt o
cutaway portions of an endl ess conveying belt, and the exposed faces of the
wor kpi ¢aegs olethe workpiecesheldyn pag citaveapportiens ofivls conteyor held, i nspect ed
while the conveyor belt is noyed to convey the rkpi eces, wherein the
convey&§¥hasgin that tL@ W§H86@6¥Mt30aarﬁﬁ%e that & Hat tage thereek 1sssgdst antial | y

vertical and,,t he cut awa rtions are forned at an er end of th

convey ahbYaRfalerticaRy S Bt B Botfoh Medtorred BEF upRes Cogel i ve

YkeM/o&hgcbhgéiopp@@dlnent of a workpi ece inspection apparatus according to
e préesent I ivention.

Further, the workpiece inspection apparatus is provided with at least
one guide plate arranged on at least one side of the flat face of the conveyor
belt to prevent the workpieces from falling out of the cutaway portions of the

conveyor belt.

Furthermore, in the method of inspecting the faces of polyhedral
workpieces according to the present invention, the workpieces are inserted
into cutaway portions of an endless conveying belt, and the exposed faces of
the workpieces held in the cutaway portions of the conveyor belt are inspected
while the conveyor belt is moved to convey the workpieces, wherein the
conveyor belt is so arranged that a flat face thereof is set substantially
vertically and the cutaway portions are formed at an upper end of the

conveyor belt.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a first embodiment of a workpiece

inspection apparatus according to the present invention.



6 March 2002 Fig. 2 is a perspective view of an exanple workpiece that is
i.nspected by the workpi ece inspection apparatus of the present invention.
Fig. 3is a partial enlarged view used in describing the transfer of

wor kpi eces fromthe disk to the conveyor belt. Fig. 4 is aggapesioye view
showi ng the structure of the guide plates arranged on either side of the "
conveyor belt. 3a 6 March 2002 Fig. Sis an enlarged top view showi ng the
vicinity of the third inspection canmera. Fig. 6 is a perspective view of a
second enbodi nent of a workpi ece inspection apparatus according to the
present invention. Fig. 7 is an enlarged view of the workpiece supplying
portion. FigFig2 B apesypeatiyed/ieiveof af exaenpleameflgriepethatos.inspected

by the workpiece inspection apparatus of the present invention.

Fig. 3 is a partial enlarged view used in describing the transfer of

workpieces from the disk to the conveyor belt.

Fig. 4 is a perspective view showing the structure of the guide plates

, arranged on either side of the conveyor belt.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A det ail ed description of
the preferred enbodi nents of the present invention will now be given with
reference to the appended drawi ngs. First, Fig. 1 shows a workpiece

i nspection apparatus 3 according to a first enbodi nent of t@ﬁ§9&ﬁ§60é
invention for inspecting four faces of a workpiece, and Fig.- 2 shows an
exanpl e hexahedral workpiece (ceramc capacitor) 1 wth faces la - 1f
havi ng exanple dinmensions Immx O Smm X O. Smm in which the two opposing
faces la and I b are el ectrodes and the remaining four faces 1c - 1f form

i nspection faces. In this arrangenment, inspection of the workpiece 1 is

carried out by.taking video i es of ,the. foyr inspecti f s 1c - 1f

Wi th caneras Fbg%}fs%? gn%gﬁdg‘égrﬁlfa‘fvi %tp\glsng( WG Pﬁ@e (‘ﬁicrghe el ectrodes
and di el (A Lans and to determ ne whether or not the dielectric
portionsﬁgsﬁlgb gﬁg%% gﬂi 6 March 2002 As shown in Fig. 1, the workpiece

i nspection apparatus 3 is equi pped with a workpi ece supplying portion 100
for supplying the workpieces 1, a first stage 200 for inspecting two

i nspection fabps ®is & perspudtivieeciew df azetondrinbodigre@0SX 4 Workpseget i ng the
other two inspection faces of the workpieces 1, and an endl ess conveyor
bel t 400irfspection\appanatustecconding kecke frekenninveation. st stage 200 to the
second stage 300. The workpi ece supplying portion 100 is provided with an
apparatus known as a "ball feeder"” or "parts feeder."” In such apparatus, a
plurality of rkpi eces | gced i nsi.de baJl, portions, are conveyed in an

or der ed rranneﬁgrl;? ¥ §%ieﬂiﬂ&§aa‘ﬂ§w afﬁtfwotr P@&G@Wﬂﬂﬂ&ﬂ@%l%es 1 to be
supplied one at atime fromthe tip of the feeder. In this connection, the
wor kpi ece suppl ying portion 100 nmay use, for exanple, the feeding apparatus
di sclosed in - Publ ¢ | No. HEI 5-286549. The
first stage 2gﬁgﬁgﬁigﬁk%%gggaﬁ?ﬁagéﬁﬂékuéu%#§2£*ﬁ§8t i nspection canera 203
and a second inspection camera 205. In this regard, each of the inspection
caneras may be constructed, for exanple from CCD canmeras or the like.
Further, a plurality of concave portions 207 are formed in the outer

peri phery of the disk 201, and as shown in Fig. 3, a suction hole 209 is
formed i DETAHEDOPESCRIFTHON-OIh THECRREFERRED EMBODIMENTS
arrangenment, the workpieces 1 that are supplied one at a tinme fromthe

wor kpi ece supplying portion 100 are inserted into the concave portions 207

and held in place hy suction, fromthe suction holes 209 prevent the
wor kpi eces 1 Adﬁﬁaﬂédl %rmSlOIbPﬂhf'ep@fﬁ&r&@é’*lﬁgpdlmﬁgt%ﬁlq presest case of
t he el ectrode

t he exanpl e rkpi.ece 1.5 .6 March 2002 sho in Fiq. .2,
face: 1a Drveniar bl How,pegivénonitagefsience 8 s aPakndsd Araviistave port on
207. Further, the disk 201 is rotated by a prescribed angul ar anount in the
cl ockwi se direction to convey each workpi ece 1.

First, Fig. 1 shows a workpiece inspection apparatus 3 according to a

first embodiment of the present invention for inspecting four faces of a
workpiece, and Fig. 2 shows an example hexahedral workpiece (ceramic
capacitor) 1 with faces 1a - 1f having example dimensions 1mm x 0.5mm x
0.5mm, in which the two opposing faces 1a and 1b are electrodes and the
remaining four faces 1c - 1f form inspection faces. In this arrangement,
inspection of the workpiece 1 is carried out by taking video images of the four
inspection faces 1c - 1f with cameras to measure such quantities as the
dimensions of the electrodes and dielectric portions and to determine whether

or not the dielectric portions are damaged.



The first inspection canera 203 is arranged at a position near the highest
poi nt ' of the concave portions 207 of the disk 201 to take video i mages of a
first inspection face of the workpieces 1, and the second inspection camnera
205 is arranged on the other side of the disk 201 at a posigd pifch se@h y 90
degrees fromthe first canera 203 with respect to the angul ar novenent of
the disk 201 to take video images of a second inspection face which |ies
opposite the first inspection face. Nanely, two opposing faces (e.g., 1c
and 1d in Fig. 2) of the workpieces 1 are inspected in the first stage 200.
The conveyor belt 400 is nmade of steel and has a plurality of sprocket

hol es 400a fornmed therein, and the conveyor belt 400 is stretched between
two sprocket wheels 401, 401, with the sprockets thereof engaging with the

sprocket hol exs4f8%d & F[%\}ﬁjégrlé hﬁ%f}émé!@é’ H‘LS %Eibng#%ratrﬂu?? ([)5? é"i‘&PEth he

rotation of the sprocket Further, a a way

por t i onsw#tAGbwiorkpledediupplyitg poiticn $00 ol sapgl 1Rg TR workipiecdsPPed fipr tion

of the conveyor belt 400. The conveyor belt 4 iS so arranged that a flat

face 40Gtagé 200efoc anspacingblbo idgifedtiomtices withaworkpigcese! fa se¢dndd and t he
cutaway portions 400b are fornmed at an upper end 400d of the conveyor belt
400. astage 300200 inspeatingtheoother twoninspection facesaof the wogkpieces W, t aken
along the arrow Ain Fig. 1 showing the state in which the workpieces 1 are
tr ansf erwﬁam edgesscanveyop belt 400 %@r conveyisg thelworkmeceshdrgm thet h t he

upper pottion of nveyor , bel t inserted into a concave portion 207
of the ﬁ%ﬁ&sgagﬂ@@zo ese@%ﬁweﬁﬁg conveyor belt 400 is noved forward
until a cutaway portion 400b reaches the position of the enpty concave
portion 207, at which tinme the novenent of the conveyor belt 400 is

T ST SRR AL i I hofed OCAROBEREILL U 1
cut auey A6 f 0B (U G BT LR apbaldlBs U BRAR G

concave workpiete?d placed Meside ballepoRiviis £ c@ﬁﬁﬁége_ﬂfiﬁ daroondsred mehiherd00 is
driven again until the next cutaway portion 400D is positioned inside the

new y erlpt hepimbshaped gyobiverto 2@idse dhe workpiddesel tdbe snpphedtons att de
conveyor belt 400 is once again suspended. Accordingly, by repeating these
steps, tth@edserpthecp of the ecd@tnshvefhlsaoanecuon,atheiwerkploﬁetsuepbulgg 201 to
the conveyor b 400 in manner. t hat .engbl es the t i.nspection faces
(e.g., IROHioN fébimay:pge, PP lge e Fﬁﬁcﬁlegmeaatmh%dg@g&? HBP#NGSE t he
concave PobobEh Bl BuBRANEANE R $3de348c! ng el d in the cutavay

The first stage 200 is equipped with a disk 201, a first inspection camera
203 and a second inspection camera 205. In this regard, each of the inspection
cameras may be constructed, for example from CCD cameras or the like.
Further, a plurality of concave portions 207 are formed in the outer periphery
of the disk 201, and as shown in Fig. 3, a suction hole 209 is formed in the
bottom portion of each concave portion 207. In this arrangement, the
workpieces 1 that are supplied one at a time from the workpiece supplying
portion 100 are inserted into the concave portions 207 and held in place by
suction from the suction holes 209 to prevent the workpieces 1 from falling

out of the concave portions 207. In the case of the example workpiece 1



As shown in Fig. 4, guide plates 403, 405 are provided on either side of
t.he conveyor belt 400 (or on only one side depending on the |ocation) along
a wor kpi ece conveyance interval fromthe disk 201 to a conform ng article
box 409 (described below) to cover the sides of the cutawayy pardd go 400b
in order to prevent the workpieces 1 fromfalling out of the cutaway
portions 400b. The second stage 300 is equipped with a third inspection
canmera 301 and a fourth inspection canmera 303 for taking video i mages of
the remaining two i nspection faces le and 1f of the workpieces 1. In this
connection, Fig. 5is an enlarged top view showi ng the state in which the
third istspeatihdfigecticelectodebfach 120021804 hekkby sviction ag@assthef the

wor kpi eces 1, and as shown in this drawi ng, a workpi ece positioning suction
nozzl e B@Boﬁsoﬁthmaqe@mpoﬁ&)maﬁasiEmtb@xdéh@ﬂithag?cdmegamcd bgla 400 from
the third inspection canera. ,The workpi ece_positioning suction nozzle 305

i s equi prsseriedngudanameunt s dhe stockwisstdisectigie to egnyepisachnd in
accordance, with the timng of the suspension of the novenent of the
conveyoWOBEPIECEJY, a negative pressure is created in the chanber 305a to
generate suction at the suction opening 305b in order to hold the workpiece
1 in place. As is further showmn in Fig. 5 an opening 405a is fornmed in the

gui de plate he. .l is t . i 1 opposite
Phe i nopect | Sher 3L TBRERGh ErbPREE0s 45 AuisBRRa S 8B R Bermgos of the
I nspecty : It 'Pgﬂﬁ% [ I | i ng
305b ar% g&ﬂﬁ@g}f}&?ﬁtﬁetcﬁ)‘ﬁr %ie spec'(th Fozrllwcgﬁeﬂseam??(l)éljz %%E@%@?%écgggggﬁg 405a.
I n thi sof¥irsbinspeltion faceest thangespibide1 ! ied vive kedsnbidspeetionl d i n pl ace
by suction, it becones possible to obtain stable inmges and i nprove the

i nspect camerec 206 ds urraSiged e tlye otherwideiof the disk 20drat agpesitionaougbiy! e 307
is arranged on the opposite side of the conveyor belt 400 fromthe fourth

i nspect Y0dlegaeas fror0the finst camere20d gvith respedt dedhe anghdargmosenme taf 403 t o
enable the fourth inspection camera to take, video images of the exposed

. ) . . g .o
i nspect therdiskddoto taks wislerpimagesiobp seeond inspectivapkacei whichalies hel d by t he
wor kpi ece pasitioping suction_nozz 3Q7. Arranged downstream.fro e
Second Seaeaisi B nSHEHEGR o Namsig; Ve Gosbsies Thess (olh da iy 1d

wor kpi eces. | t 0 form [ cl ' fAx st stage 200 or
second f_j}E%%gﬁdthgn\aggkﬁigﬁ%:irﬂrﬁg}lgﬁqﬁgﬁéﬁgﬁé fi{gbgt:ggp %Q)cfl ecting

wor kpi eces judged to be conformng articles in the first stage 200 and
second stage 300. Further, each of air jet nozzles 411, 413 are arranged s
6 March 2002Tgg dﬁﬁe@@?%ﬂﬁ%@'@ﬁjﬁe bH6teePaNa 1Ak abﬁlutral_‘l%%f% fadkee boxes
407, 409. Accordingly, in the case where a workpiece 1 is judged to be a
nonconf holesrdDCar forehed therehs drid tie comgsyot®elp4004ds shdtclicabbe39éen te ai r
jet nozzle 411 blasts out a jet of air when the workpiece 1 reaches the
posi t i osproickehe/heets 401 p40i pwitr thecsprookrtsahereaf ¢ngaginghwithdhkpi ece 1 to
fall into the nonconformng article box 407, and in the case where a

wor kpi esprocket hplesgt0a to paablecthereomyieygr hedi 40@ to betmevedrbyt tha age 200 and
second stage 300, the ajr jet nozzle 413 blasts oqut jet of air, when the
o ki cttaHon e ARkt her B A Gh FHETicaas SlRALEY S ru GO o 1 or ce
t he wor kpiece fall into.the confqorm ng.article box 409. this
enboar nan06 T8r Bl kR Ghiken Tt Tobef 4B thegirpet Barlingia Bsns: r eam
fromth i 200 to collect workpieces judged to be nonconform ng
articlegbé¢§iﬁméia?g?p'stage 200. In other words, nonconformng article
boxes can be arranged after each stage to collect workpieces judged to be
nonconformng articles in such stage. Next, the operation of the workpiece
I nspection a%@réﬁr}%g%r%e'lﬂ 408 i_§'§é(ﬁrrfat?@éd thiat atflatt fage OO CoPRRY at i ons of

t he conveyor belt 400 and the disk 201™w || be described. Namely, the
conveyogoiredorlbélt Y90disi see Bubstaatiallgpérsicatigrmmt theycutas spportiais 408b! s
401, wherein during each step the conveyor belt 400 is noved only by an
amount erufdrmed ahen sypper eadot0Qdof the sonyepor beldirdM00b and then st opped.
During the tinme the conveyor belt 400 is stopped, the inspection caneras
301 and 303 are operated. Now, even though the upper portion of the

conveyor belt 400 lies inside one of the concave portions 207, during the
time that the conveyor belt 400 is stopped, one of the cutaway

6



6 March 2002 portions 400b of the conveyor belt 400 is positioned to match
t.he position of such concave portion 207 of the disk 201. Further, the disk
201 is also rotated in a stepwi se manner, wherein during each step the disk
201 is rotated only by an anobunt equal to the spacing of t

portions 207 and then stopped. During the tinme that the digﬁwgg?ﬂggg

st opped, the inspection caneras 203 and 205 are operated. Now, in
accordance with the timng of the suspension of the disk 201, the workpiece
supplying portion 100 supplies one workpiece 1 into one of the concave
portions 207, and then after this supplying step has been conpl eted, the

di sk 201 i s Indthas ednnectidwe, KigoSkisimeenlarged view thken hboig tist asbagd 00,

i mges of two of the inspection faces of the workpieces 1 are taken by the
i nspectlignlchesyiag theztaledmwbich the weskpigaesr] aigectiansiggees fram theen t aken,

e TG 5 ST BT b R SRR A
[ 400 0 . 300
o 00 B, AT YT e e HBSR Pul 208 R BN, ot e

i nspection caneras 301 and 303. Then, based on the results of such

i nspections carried out in the first stage 200 and the second stage 300,

t he workpi eces 1 judged to be nonconform ng articles are collected in the
nonconform ng article box 407, and the workpieces 1 judged to be conform ng
articles are collected in the conform ng article box 409, whereupon the
conform ng workpi eces 1 can be packaged and carried away. At this point, it
shoul d be noted that the size of the concave portions 207 and the cutaway
portions 400b were exaggerated in Figs. 1 ~ 5 for the 10 6 March 2002

pur pose of description, and in actuality their sizes are extrenely small to
mat ch the size of the workpieces 1. Now, in contrast wwth the extrenely
limted sel ection of conponents and nunber of possible design
configurations of the prior art workpi ece apparatus which uses the outer
circunferential portions of disks to hold workpieces, by inspecting the

i nspection faces of the workpieces 1 while the workpieces 1 are being
conveyed by the conveyor belt 400, the workpi ece inspection apparatus 3 of
t he present enbodi nent enabl es appropriate space to be secured along the
conveyance route of the workpieces 1, and this nakes it possible to expand
the sel ection of conponents and the nunber of possible design
configurations. For exanple, in view of space, it is possible to arrange a
set of two caneras on each side, with each canera taking video imges of
one inspection face of the workpieces (in which two workpi eces are conveyed
at a tinme and i mages are taken of inspection faces of the two workpi eces at
once). In this way, because inmages of the inspection faces can be taken
whil e carrying out high speed conveyance of the workpi eces, the processing
capacity of the workpiece inspection apparatus can be inproved. Next, a

wor kpi ece inspection apparatus 5 according to a second enbodi nent of the
present invention will be described with reference to Fig. 6. In this
enbodi nent, the disk 201 shown in Fig. 1 is replaced by a conveyance belt.
Nanely, the workpiece inspection apparatus 5 is equipped with a workpi ece
supplying portion 100 for supplying workpieces 1, a first stage 500 for

i nspecting two i nspection faces of the workpieces 1, a second stage 600 for
i nspecting the two remaining inspection faces of the workpieces 11

6a



6 March 2002 1, a transfer portion 700 for transferring the workpieces 1
fromthe first stage 500 to the second stage 600, a first endl ess conveyor
belt 415 for conveying the workpieces 1 in order fromthe workpi ece
supplying portion 100 through the first stage 500 to the tﬁﬁﬂﬁﬁﬁf gy tion
700, and a second endl ess conveyor belt 417 for conveying the mor%pleces 1
fromthe transfer portion 700 to the second stage 600. Further, the
conveyor belts 415 and 417 have the sane structure as the conveyor belt 400
shown in Fig. 1 (but in Fig. 6 the cutaway portions are not shown).

Further, the workpieces 1 fromthe workpiece supplying portion 100 are
supplied one at a t%@@.to a djsk 10 ﬂé{his regard, the disk 101 of the

o
present CORYSYORDeLt @ i mo rmrédtru gutavway oo GY0breapkes thest
enbodi nent ....and sh Lo Fig 7. a gukbde plate,.103.is provided ong the
nasitpR R dhe R oiOheayd peich 2thoS RhReH iRe s bl Elt p g
glogggd i \Qﬁro%rhfel I@@G"R’ MBbH s&{geh@@ diy§ kh a2 M %‘%92 14Qrkpiece 1
reaches #ﬂie i ghesf posI ﬁ’oﬁ o%ﬁ)l&?le_ I'S qL'OI an arr’j e no_zz?e\l}gOS
affange@}oﬁteﬂ%ﬁﬂil%%‘ﬂé)&][to‘ih'cﬁ@%?o%tibﬁtm’f whih Abldyis %@f s1 to force

the workpiece 1 to nove fromt concave portion of the 101 into a
cutavay msyitibasd 4ASidectheidigaway PorfionAO0Y, devhichliPmeHUErBeition DEtRd I St
conveyor belt 415 is interposed between guide plates 107 and 109, and a
sucti on disk2(4 iklsuspenided (SéteFi?g.r?. sNext;tafter the winkpiecd piis teangberiréd oni ng
suction nozzle 305 shown in Fig. is arranged on the guide plate 109 to
provi de fsant thincemcae portimk 204 wo ¢he lcataway postien 400y, ¢he ebnubygr beliced
i nside the cutaway portions 415a of the first conveyor belt 415. 12 6

Mar ch 20830 hdrivehsigadn ygéil she nest eytavne poriem 480biis positieprt inside caner a
o s e SES B R e s o BB G R AR b ©
S Bl BAPHIRLF SRR ORAIA S B ABPRAREIS BB AReE LS 5,
nos7 es JEBSIREUoBEBILEN] S0 disfertbdet dfd fipkt SOBICAKIES the'

the suctigiiydiRaZedt 400 ifOMAnKRr that enablss i BN kputtiohefaerp feigt 161 de of
t he second cdnveyor belt 417 fromthe disk 701. In'this connection, Fig. 8

i s an enmdmd ¢€dn Higw2 pthdtheerte motségyosedrwhils bedfg hekdin theoogntdee arrow B in
Fig. 6. As showmn rn Fig. 8, workpieces 1 conveyed by the first conveyor

bel t 415poniarnse2@7 embecompoexpasedr@hilarbeing held in dns tutaveay portidms di sk 701
by a jet of air blasted out fromthe air jet nozzle 703, and then after the
di sk 7014008 been rotated 90 degrees, the workpieces 1 held in the concave
portions of the disk 701 are transferred to the second conveyor belt 417 by
ajet of air blasted out fromthe air jet nozzle 705. The second stage 600

camora 603 t oS Aut 1 Rk AnE e RRTRI R R R FARGY et RENBR o cces

L FUl't e caitfdy hdlP480 1 Bbonl§ Und Sitte” (givc\:m‘i&%inﬁggﬁgtﬁbg%éﬁéﬁ) L5

; &
Wwor kpl ece positi‘oni ng suctl on noz | 1g. are afrranged

respect i werkpiteldbhvelydase eedal fiohithd GRREZO] 05 aCRIEOARIHD Artideox
Arranged downstream fifomthe second stage 600 on one side of the second
conveyor40@|(desibed belowpts cover thergides of ¢he chimwHOpoftions 400k dhiorded 3

to prevent the workpieces 1 from falling out of the cutaway portions 400b.

The second stage 300 is equipped with a third inspection camera 301
and a fourth inspection camera 303 for taking video images of the remaining
two inspection faces 1e and 1f of the workpieces 1. In this connection, Fig. 5

is an enlarged top view showing the state in which the third inspection camera



6 March 2002 nonconformng articles and a conformng article box 611 for
collecting conformng articles, and air jet nozzles 613, 615 are
respectively arranged on the opposite side of the second conveyor belt 417
to interpose the second conveyor belt 417 between the boxeq3ﬁ@§ h 88d2 and
the air jet nozzles 613, 615. Further, a nonconformng artic %ox 709 is
arranged below the disk 701 to coIIect wor kpi eces 1 judged to be
nonconforming articles by the inspection carried out in the first stage
500. In this enbodi nent, because two conveyor belts are used, nore space is
made avail abl e than I n the first enbodinent and this makes it possible to

f h dt nb f f I nbodi

descr 1 betl BotRES,irG BtAEes PtahE karkuifeks ok a8 SBowt il s FPRHINGA wai ng
CCD
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(e.g., dfeichive Z%%em FyrhiRe Qhﬁ‘ﬁtlhkg@étl(ﬁ? éhﬁfeﬁé‘ c Th%rw@)ﬂt?@igbé ance) to

|nspect t he expbsed faces of the wor p| ces. Further, even ugh the

cut away pusitioning §détidn ndzzlke, 308 1aeq ddeithrd blesinber B0Saemdossuetibs above
as being formed in the upper portlon t he conveyor belts (400, 415 and

417), t hepeningiSh, mmehini accordames withriheetinting safthe suspensionrof thend it is
possi ble to formthe cutaway gortl ons in any desired portion of the
conveyormpaememns of the qonvieyop o¢ltt4 Yl anegativeipressute isycrgatetkin thenes in Fig.
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t he wor kpl eces nee € Wor I ece |nspec I on apparatus of

1 oS0 T BT A R OESORY iy, o =
images of the inspection face opposite the inspection face held by the suction
opening 305b are taken by the third inspection camera 301 through the
opening 405a. In this way, by taking video images while the workpiece 1 is
held in place by suction, it becomes possible to obtain stable images and
improve the inspection accuracy. Similarly, a workpiece positioning suction
nozzle 307 is arranged on the opposite side of the conveyor belt 400 from the
fourth inspection camera 303, and an opening is provided in the guide plate
403 to enable the fourth inspection camera to take video images of the

exposed inspection face of the workpiece 1 opposite the inspection face held

by the workpiece positioning suction nozzle 307.

Arranged downstream from the second stage 300 are a nonconforming
article box 407 for collecting workpieces judged to be nonconforming articles
in the first stage 200 or second stage 300, and a conforming article box 409 for
collecting workpieces judged to be conforming articles in the first stage 200

and second stage 300. Further, each of air jet nozzles 411, 413 are arranged



As described above, in contrast with the prior art inspection apparatus
whi ch uses only disks, the workpiece inspection apparatus of the present

i nventi on uses one or nore conveyor belts to hold the workpieces for
inspection. As a result, the present invention makes it posgik@entpgexpand
t he avail abl e space and the nunber of possible design configurations. is

6 March 2002 CLAIMS 1. A workpiece inspection apparatus (3) for inspecting
the faces of pol yhedral workpieces (1) conprising at |east one endl ess
conveyor belt (400) having a plurality of cutaway portions (400b) forned
therein for holding the workpi eces (1) and neans (203, 205, 301, 303) for

cut avey DhPPERPRETGIC 8F s, cofiyebar Brte iR, HBREREOERe 20709090 1 "t ha
the convayenrdiely  Hh ¢a%|e§\9hefer§wqtg§g§§a 13 fidged ﬁpﬁigglg@woﬁfaﬁmﬂ i's

set substantial ['y" verti cal and the c ons are torned at

an upper agticle (AQRd firef stabe 200weyetortbstage B, the airlfes nvzrkd €T dlagigpect i on
apparatus (3) of Cdaiml, further conprising at |east one guide plate

(403, 405putajeingbdiromhen the ssirkpieces] deacifestthe gdsition afeh¢400c) of the
conveyor belt (400) to prevent the workpieces (1) fromfalling out of the
cut anay poncorterningorticts bosel bote Earee theworkpdege 130 fallnatnthe of

nspeet 18, ey faces St tolrtefel g sces (i) comesian (e, sope o
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portions are at an upper en the conveyor belt

(400) . 1éonfbr%iﬁﬁearf@ﬂé%oxﬁwﬁhbﬁﬁs%ﬁa&&%ent another nonconforming
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article box may be arranged downstream from the first stage 200 to collect
workpieces judged to be nonconforming articles in the first stage 200. In
other words, nonconforming article boxes can be arranged after each stage to

collect workpieces judged to be nonconforming articles in such stage.

Next, the operation of the workpiece inspection apparatus 3 will be

described.

First, the basic operations of the conveyor belt 400 and the disk 201 will
be described. Namely, the conveyor belt 400 is driven in a stepwise manner
by the sprocket wheels 401, wherein during each step the conveyor belt 400 is
moved only by an amount equal to the spacing of the cutaway portions 400b
and then stopped. During the time the conveyor belt 400 is stopped, the
inspection cameras 301 and 303 are operated. Now, even though the upper
portion of the conveyor belt 400 lies inside one of the concave portions 207,

during the time that the conveyor belt 400 is stopped, one of the cutaway
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in a stepwise manner, wherein during each step the disk 201 is rotated only by
an amount equal to the spacing of the concave portions 207 and then stopped.
During the time that the disk 201 is stopped, the inspection cameras 203 and
205 are operated.

Now, in accordance with the timing of the suspension of the disk 201,
the workpiece supplying portion 100 supplies one workpiece 1 into one of the
concave portions 207, and then after this supplying step has been completed,
the disk 201 is rotated in the clockwise direction. In the first stage 200,
images of two of the inspection faces of the workpieces 1 are taken by the
inspection cameras 203 and 205, and then after such images have been taken,
these workpieces 1 are transferred in turn to the cutaway portions 400b of the
conveyor belt 400. Next, the workpieces 1 transferred to the cutaway portions
400b are conveyed by the conveyor belt 400 to the second stage 300 where
images of the remaining two inspection faces are taken by the inspection
cameras 301 and 303. Then, based on the results of such inspections carried
out in the first stage 200 and the second stage 300, the workpieces 1 judged to
be nonconforming articles are collected in the nonconforming article box 407,
and the workpieces 1 judged to be conforming articles are collected in the
conforming article box 409, whereupon the conforming workpieces 1 can be

packaged and carried away.

At this point, it should be noted that the size of the concave portions

207 and the cutaway portions 400b were exaggerated in Figs. 1 ~ 5 for the

10
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purpose of description, and in actuality their sizes are extremely small to

match the size of the workpieces 1.

Now, in contrast with the extremely limited selection of components
and number of possible design configurations of the prior art workpiece
apparatus which uses the outer circumferential portions of disks to hold
workpieces, by inspecting the inspection faces of the workpieces 1 while the
workpieces 1 are being conveyed by the conveyor belt 400, the workpiece
inspection apparatus 3 of the present embodiment enables appropriate space to
be secured along the conveyance route of the workpieces 1, and this makes it
possible to expand the selection of components and the number of possible
design configurations. For example, in view of space, it is possible to arrange
a set of two cameras on each side, with each camera taking video images of
one inspection face of the workpieces (in which two workpieces are conveyed
at a time and images are taken of inspection faces of the two workpieces at
once). In this way, because images of the inspection faces can be taken while
carrying out high speed conveyance of the workpieces, the processing

capacity of the workpiece inspection apparatus can be improved.

Next, a workpiece inspection apparatus 5 according to a second
embodiment of the present invention will be described with reference to Fig.
6. In this embodiment, the disk 201 shown in Fig. 1 is replaced by a
conveyance belt. Namely, the workpiece inspection apparatus 5 is equipped
with a workpiece supplying portion 100 for supplying workpieces 1, a first
stage 500 for inspecting two inspection faces of the workpieces 1, a second

stage 600 for inspecting the two remaining inspection faces of the workpieces

11
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1, a transfer portion 700 for transferring the workpieces 1 from the first stage
500 to the second stage 600, a first endless conveyor belt 415 for conveying
the workpieces 1 in order from the workpiece supplying portion 100 through
the first stage 500 to the transfer portion 700, and a second endless conveyor
belt 417 for conveying the workpieces 1 from the transfer portion 700 to the
second stage 600. Further, the conveyor belts 415 and 417 have the same
structure as the conveyor belt 400 shown in Fig. 1 (but in Fig. 6 the cutaway

portions are not shown).

Further, the workpieces 1 from the workpiece supplying portion 100 are
supplied one at a time to a disk 101. In this regard, the disk 101 of the present
embodiment has the same structure as the disk 201 of the first embodiment,
and as shown in Fig. 7, a guide plate 103 is provided along the upper half of
the disk 101. In this arrangement, the workpieces 1 are placed inside the
concave portions of the disk 101, and when a workpiece 1 reaches the highest
position of the disk 101, an air jet nozzle 105 arranged at such position blasts a
jet of air at such workpiece 1 to force the workpiece 1 to move from the
concave portion of the disk 101 into a cutaway portion 415a of the first
conveyor belt 415. Further, the first conveyor belt 415 is interposed between
guide plates 107 and 109, and a suction nozzle 111 having the same structure
as the workpiece positioning suction nozzle 305 shown in Fig. 5 is arranged
on the guide plate 109 to provide suction so as to make sure the workpieces 1

are reliably placed inside the cutaway portions 415a of the first conveyor belt
415.

12
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The first stage 500 is equipped with a first inspection camera 501 and a
second inspection camera 503 to inspect two inspection faces of the
workpieces 1. Further, suction nozzles 505, 507 having the same structure as
the workpiece positioning suction nozzle 305 shown in Fig. 5 are arranged

respectively on the sides opposite the inspection cameras 501, 503.

The transfer portion 700 is equipped with a disk 701 and air jet nozzles
703 and 705, and a suction nozzle 707 having the same structure as the suction
nozzle 111 shown in Fig. 7 is arranged on the opposite side of the second
conveyor belt 417 from the disk 701. In this connection, Fig. 8 is an enlarged
view of the transfer portion 700 taken along the arrow B in Fig. 6. As shown
in Fig. 8, workpieces 1 conveyed by the first conveyor belt 415 to the transfer
portion 700 are first transferred to the disk 701 by a jet of air blasted out from
the air jet nozzle 703, and then after the disk 701 has been rotated 90 degrees,
the workpieces 1 held in the concave portions of the disk 701 are transferred
to the second conveyor belt 417 by a jet of air blasted out from the air jet
nozzle 705.

The second stage 600 is equipped with a third inspection camera 601
and a fourth inspection camera 603 to inspect the remaining two inspection
faces of the workpieces 1. Further, suction nozzles 605, 607 having the same
structure as the workpiece positioning suction nozzle 305 shown in Fig. 5 are

arranged respectively on the sides opposite the inspection cameras 601, 603.

Arranged downstream from the second stage 600 on one side of the

second conveyor belt 417 are a nonconforming article box 609 for collecting

13
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nonconforming articles and a conforming article box 611 for collecting
conforming articles, and air jet nozzles 613, 615 are respectively arranged on
the opposite side of the second conveyor belt 417 to interpose the second
conveyor belt 417 between the boxes 609, 611 and the air jet nozzles 613,
615. Further, a nonconforming article box 709 is arranged below the disk 701
to collect workpieces 1 judged to be nonconforming articles by the inspection

carried out in the first stage 500.

In this embodiment, because two conveyor belts are used, more space is
made available than in the first embodiment, and this makes it possible to

further expand the number of design configurations.

In the embodiments described above, inspection of the workpiece faces
were carried out using CCD cameras. However, the present invention is not
limited to such arrangement, and it is possible to use any appropriate
inspection means (e.g., devices that measure the electrical resistance or
capacitance) to inspect the exposed faces of the workpieces. Further, even
though the cutaway portions (400b, 415a, 417a) were described in the
embodiments above as being formed in the upper portion of the conveyor belts
(400, 415 and 417), the present invention is not limited to such arrangement,
and it is possible to form the cutaway portions in any desired portion of the

conveyor belt (e.g., at the position 400c indicated by dashed lines in Fig. 4).
Furthermore, the present invention is not limited to the use of air jet

nozzles, and it is possible to use any appropriate means (e.g., a cylinder which

mechanically pushes against the workpieces) to transfer workpieces between

14
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stages and to force workpieces into conforming article and nonconforming

article boxes.

In the case where all six faces of the workpieces need to be inspected,
the workpiece inspection apparatus of the present invention may be equipped
with three conveyor belts, one disk and two conveyor belts, or two disks and

one conveyor belt.

As described above, in contrast with the prior art inspection apparatus
which uses only disks, the workpiece inspection apparatus of the present
invention uses one or more conveyor belts to hold the workpieces for
inspection. As a result, the present invention makes it possible to expand the

available space and the number of possible design configurations.
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polyhedral workpieces (1) comprising at least one endless conveyor belt

(400) having a plurality of cutaway portions (400b) formed therein for

holding the workpieces (1) and means (203,205,301,303) for inspecting the

exposed faces (1e,1f) of the workpieces (1) held in the cutaway portions

(400b) of the conveyor belt (400), characterized in that the conveyor belt

(400) is so arranged that a flat face (400c) thereof is set substantially

vertically and the cutaway portions (400b) are formed at an upper end

(400d) of the conveyor belt (400).

2. The workpiece inspection apparatus (3) of Claim 1, further comprising
at least one guide plate (403,405) arranged on at least one side of the flat
face (400c) of the conveyor belt (400) to prevent the workpieces (1) from
falling out of the cutaway portions (400b) of the conveyor belt (400).

3. A method of inspecting the faces of polyhedral workpieces (1)
comprising the steps of inserting the workpieces (1) into cutaway portions
(400b) of an endless conveyor belt (400), moving the conveyor belt (400)
to convey the workpieces (1) and inspecting the exposed faces (1¢,1f) of
the workpieces (1) held in the cutaway portions (400b) of the conveyor belt
(400), characterized in that the conveyor belt (400) is so arranged that a flat
face (400c) thereof is set substantially vertically and the cutaway portions

(400b) are formed at an upper end (400d) of the conveyor belt (400).
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