+;\]1e3edJr6T5;" - 2 JAN 2003 APPARATUS FOR | NSPECTI NG ELEMENTSON TRANSPORT
.DEVI CE Technical Field This invention relates in general to i nsp‘egt jr%N 2003
el ectrical conmponents during manufacturing and in particular to the final

i nspection of shipping trays of head gi nbal assenblies after they are

manuf actured. Background Art In manufagturing, it is not unc
quantities of subassenblies or other elenents to be noved from OMH/

processing station to ity Fer tHIigdEEeitne ayiernYen the el erﬂ[lm& ”” lm
| eave the sending station, Theyg tphcepdaT Ne@PrO&Een counted or
O arrtve at the recei

configured and are expected t i ving station WW”WW I,”mm
identical condition. Wien there is a discrepancy in an arriving

t he manuf acturi ng sequence,.j Y r may be shut desemoz For
exanple, in the final ins éﬁéﬁﬁﬂ of Mgk | | assenbly
manuf act uri ng operati on, an operator V|suaIIy i nspects the nunber of
suspensions in each shipping tray before it passes to the packing station.
The purpose - 2 JAN 2003 -2 of this visual inspection is to ensure that
t he i nf orfechoncah Fheldata coll ection or tracking systemis accurate. The
i nspector takes a tray froma stack and, using a hand held scanner, scans

t he bar  code | ahe¢k thaenitdent rkileses in general to inspecting

electrical components during manufacturing and in particular
to the final inspection of shipping trays of head gimbal

assemblies after they are manufactured.

Background Art

In manufacturing, it is not uncommon for quantities of
subassemblies or other elements to be moved from one
processing station to the next on a transport device. When
the elements leave the sending station, they typically have
been counted or somehow configured and are expected to
arrive at the receiving station in the identical condition.
When there is a discrepancy in an arriving shipment, the
manufacturing sequence is usually interrupted and may be
shut down.

For example, in the final inspection area of a head
gimbal assembly manufacturing operation, an operator
visually inspects the number of suspensions in each shipping

tray before it passes to the packing station. The purpose



the tray. After waiting for the tray mapping information to appeérsﬁgwféﬁh
,screen of his nearby data terminal, the inspector visually conpake 3

t he system says should be on the tray, against what is actually on the
tray. This procedure is then repeated for each tray in the stack. If no

i nconsi stencies are found between the systeminformation and the actual,
physi cal i.nspection, the conplete stack is_sent he . packi station.

AT hough i eartidi Ut oEeHr et & nbs kiBl 808 §patRar THE TS RRth o o
systemis desiraple. Therefore, a need exists t rqvi de an aut omat ed
Syotem 1 07 TRShORThETh LLEhr hahdCER ABANSaSYSHER o8 Ao pdAtS
assenbl y- gener at ed, val ues. Anot her need exists to provide this inspection
at hi gher spedd& ﬂféf??%%%lt?]iﬁ%f)eét&ﬁg %Pf“earé&@(?i?‘nﬁqdnsb%r}% errors.
SUMVARY According, to an aspect of the present invention, there is provided
an appar ¢4t Reohthr SFMyEE 7 SC%n?r59eh§9FnﬁogepﬂG%§hi&FQ§ 155 4 orRs
configured in a two-di nensional array, each of the positions being capable
of suppottiend @y el eherer WrdTWREr PR Lhe| 38V BREPPING HE Ipddatishs §9
adapted to support an elenent; a |abel affixed. to the tray; ,a base having,
a recept &IBEF 0ok il §CFeERI 9 ngLEnBeprPYydata termigaia 03 a reader
fi xedly nounted mﬁth,resgect to the base fﬁélscanning the | abel_  on the
tray: a pRARETESF of 1LRALOY sCPRPAT Bio Wi e hfico YIS B8 AP Yo i 4 ¢ he base
adj acent to the receptacle, eac f .sensors _hein géfcisel | ocated to
align in°t hastriVo WPHEREFoHEal &f &S 1ohe S i on tHES tray when
the tray is in the receptacle, and each of the sensors  bei dapted to

det ect tIﬂf?ﬁ%ﬁ&yﬁﬁel%rtgﬁgeﬁggeagegn%8feﬁ§ﬁ%'i aéh@ﬁlé?“?ﬁ% itibhs; and
a nicroprqgessor con ecéable tQ %he re%ggkmgggt'he seqﬁgrs.f r?égocessing

i nf or mat iBh HESURTRT EGWER £RE FIREF PEFRFTThE e Yal b rit'st AP then

i nformatiqn, coll ected by the_sensor ener ating. a _response thereto.
Accor di ngarfdo tg?l%t %Euggbeg Y§F©f el%lrsgs%%ﬁtgcﬁ%ﬁv}n% %rﬁmpf%ezt?ee Elztsacp}F oVt ded a
met hod far_i,hspecting -anspart .devi ce, | Shna: roviding a base
with a ré%%ﬁﬁa% eE%%dpgc%ﬁﬁgaE??§lgg'se%géggﬂgﬁﬁg!q%§§%%ﬁﬁgb%%f?%e$%§%ect

to the raCeRiAckepiD aal¥asdl.ieaskoRdl: ALy A NG/ ARLPCASSAL: 1 A 8.

transport device a plurality of positions erein a

plurality of the.posititons,eaghogontal f-an €be vi@ef 0AM &utomated
t wo- di mensi onal array of elements; (b) placin he transport device in the

recept actessemh fdrat Legphcsfinghet pass t icdnsheadt einhahs pesendéiece &P i gns
W th oner;lkgeagggagizhggagygtghnggﬁhggal alignnent; (c) reading the | abe
rt ; ) )

on the transp evic etecting the presence or absence of an
el enent with thmoskasorreed eatietof ttee posvtiidenstbhst henspeansport adevi ce;

a0 e S AR | PRSE AN SSS DAL IAL ¢ gyl abel Lspard) o che
responseihypeet bonAecopaisng t o anot her aspect of the present invention,
there is provided an inspection systemfor

SUMMARY

According to an aspect of the present invention, there
igs provided an apparatus, comprising:

a tray having a plurality of positions configured in a
two-dimensional array, each of the positions being capable
of supporting an element, and wherein at least one of the
positions is adapted to support an element;

a label affixed to the tray;

a base having a receptacle for closgely receiving the

tray;



- 2 JAN 2003 -3a determ ning the presence of all intended elenenszzﬂngoa
vbei ng transported as a unit, conprising: a tray having a plurality

el ement positions for receiving intended.el enments to forma two-di nensi onal
array of the intended el enents, and a bar coded | abel for identifying

i nformati on about whether each el enent position includes an intended

el enent; a base haviegierrecepdagl echiatetihithayesbdrdr wodeheendee fFor
scanni ng the | abel and devel oping a signal consistent with the | abel;
sensors mouFtaiRe tHee bede hdpace™® §H2Yhe receptacle in a two-di mensiona
array, there being a1, §3A6Gt) Ve SERSALLERN I £3PANdicRG] s aldrgned i t hyeagh
el enment position on'the tray, each sensor adapted to emt a signal in
response t onoleted esenceher kimenedjefean eiemedie i neceppacieve edanentt
positions while the.intended el enents ar rrayed.i.n _two di_nensions; _.and a
i or opr 0CesEHISRonnBECEg 10 T e ShhsOPERaRa (o t R FBadtl Fbr BT bLesEINg
the reader &ignediand whehi rfrey et | eher ggaridiinthsacdakhel esmyt prhesende
determ ned by the sensor_signals and genergting a response thereto, and

wher ei n sai dt3@spénse? i SPEAIREPTE e prBLeSSEd anbl &PSpI SERIPHY LEAPEL er
means. - ZgJANR003 w3k eAGCanl Ne-d S egbodibaeRateofsf hen PEESEBEL in

invention, a tray mapper uses an optical sensing array to detect if a head
gi mbal asseditly slsPensponitsonscated in each of the available positions in
a shipping tray. Fagh gy 0 due i nsparbedabecPlased an Log,apPRaly agd,

| ocated in a scanni ng position. parr of electro-nechanical sw tches send
a signal tosensocrsopoocessoesshndgcanfogméhadtnt Aesnexttedayics readyabelbe
processed. A bar .code reader nounted on.the er_reads | abel, on e

Pr oy o accERdSTAfos nubf o LPEBRE G AG 'S rH S T 10T Conf LHECSR B hiie
central datgbasersAhhergéherit aygl abebspsneeatheastopti cal sensor |ocated
beneath each positron on the tray detects the presence or absence of a

part. The nicropriReREdiny ebdsanRbherapgdest fchth? PrResSsBhsdryeagarnst

the val ues agspgi ajed a&%éxhici&? td ayndaRe] - £BY S iRLRIMELION o S cuaed Byt he

operator's data termnal software to decide if the'tray should be accepted

or rejecteddeTheeppeeapvisirginfornmed of the proper action via a text

nmessage on his te(gjnah%rgy§d$@§ra£orphggn Q&Q%Ie%gghﬁ%%%gg%@fgorghgg!%.

- 2 JAN 2003 -4 Brief SCrip n of e Drawi ngs € fmanner in
whi ch t he fehtuakstyadfantagesrand iolgddot smotinthé iwivent respeas wed | tas
ot hers which w | conme ap are attained and can be_understood i.n

| b t
more det ai | "SRR EAPLT L1 BuRar "deeLl P PPT BR=0f S RAYf nel FGROBPLERPYE  and

sunmari zed abpy¥enspyrbeddadcbywi eheaengBel Oahheaephadheny, biiepeah twbhgh is
illustrated in the appended draw ngs, which drawings forma part of this
speci ficatiBAST¢ini 3 pbubalhbredl RBRenepitinBf ERAENJFARLA4S PP GIEFERE

only a prefF&rfgrﬁnyog&aeazmgﬁsiaﬁaingfpgyoafagﬁeﬁén£9¢refore not to be
considered Imting of Its scope as the invention my admt to other

equal ly effectivellehbodbheming the transport device in the receptacle

such that each of the positions on the transport device
aligns with one of the sensors in two-dimensional alignment;

(c) reading the label on the transport device;

(d) detecting the presence or absence of an element
with the sensors in each of the positions on the transport
device; and then

(e) processing information associated with the label
regarding the elements and the information collected by the
sensors and generating a response thereto.

According to another agpect of the present invention,

there is provided an inspection gystem for



Figure 1 is a front isonetric view of a tray mapper constructed in
:accordance with the invention. Figure 2 is an enlarged isonetrie @igd&ND083
switch on the tray mapper of Figure 1. Fhgure 3 is a front isonetric view
of a suspension shipping tray nounted in the tray mapper of Figure 1.
Figure 4 is an enlarged isonetric view of the shipping tray and tray mapper
of Figure Ishomhnthideclsa pebsehcki gir @12, itnded ébemestet fonabeshde
view of the tray mapper, shipping tray and a suspension of Figure 4 taken

al ong the IFFRASRE o3 FYyud 141t OTAFHSHIB -5 Best Mode for Carrying Qut

the Invention Referging 110, .9ures J1apgh 2cya def a¥1 BRRRET Jdsd Sidmunted to
a support rack 13 as shown. Mhpper 11 has a generally rectangul ar body 15
with a snoorecefving uppeendedf aéement sAgcelfongat2dtvacksnepsiongs avyaved

to the rearwar do ce gt back e qf dy ~1A side
o1 15y T el t%rﬁ%%%&iS SR o dgggdggog 8ba%%§te%p 5
surface 17.igGtuwel ialhg 2dfextendofionwand avrsddlgit ehcit aateménompbleétion

rearward end OL gurface, 17 agld are s(gaqed apart from one another by a
preci se di stAMceICARR| HREFHIRRcHEFNTR ‘ switch 23 is located at each of the

two interfaces bejweese BAcksiPPa 19 Bk ddee Sf G vl srayd; Each switch 23

has a short, novable actuator 25 that protrudes forward over surface 17.
Swi t ches 23 are et ecPfFcalfPgiecomiradedd t 50r ni€rdpidgessdre 271¢Peur eng)

| ocated w té‘é@e?@ﬁ'i’ S5y face.d s Pl OBPPEI A1l RasS g ural ity of holes 31
1fy7s

that are symetrica pated apart from one another. I'n’'the enbodi nent
shown, there are sewstys hobest31l im shefbeeelddjAseshown itheFirgoepticleach
hole 31 contains a (jggl 8X<QBRLLG fiber 33,which emts visible | L_%ht. E%ch
optic fibert33%al¥8 EoRFAPAS ] pREES el | Sht°Hetect of ©3B°F b Ve fE8FPAg
the refl ectedrteghbtn®ingbti alfigherd 33iaNdearht téhgnént epain tdiognabnt @he
m croprocessor 27 in _response thereto. Tray . - ? JAN 2003
tray, each sensor adapted to emit a signal in response to
the presence or absence of an element in respective element
positions while the intended elements are arrayed in two
dimensions; and
a microprocessor connected to the sensors and to the
reader for processing the reader signal and the information
regarding actual element presence determined by the sensor
gsignals and generating a response thereto, and wherein said
response 1is adapted to be processed and displayed by

computer means.




-6 mapper 11 also conprises a conventional |aser bar code reader 41 (Figure
1) 'which is nounted on one of the sides of body 15. Reader 91 is-ngr@NImga
in response to a trigger signal fromm crgprocessor 27. In operation
(Figures 3-5), an operator places a shipping tray 43 for head gi nbal
assenbly suspensions 45 on surface 17 of tray mapper 11 for inspection. In
the embodiment showrq Ly 43,1 s.a0.&longated {ActanauLAt TaTher Midh
twenty positions 475 or uppoﬁ%lng suspensi ons n Flnltlng em’f rom
excessi ve gmweneipeEacke posi tdpni 471 comtaing arveyt tcabletkrough hol e 49
(Figure 5). The operator slides tray 43 toward backstop 19 and between side
wal |'s 21. iSi de mehdisgibaneapeesibsgl yuspacedoapdnst lioeatleasally grteiom® the

| ateral side edges of tray 43. \Wen the rear edge of tray 43 abuts backstop
19, actuatgie 29awibbilbepbsiggened iho anahibyimigc tapracessam i dhato tsay 43
is in properly located in a scanning position for inspection.

M croprocessopelieg0nti puadshy ovakhdahepplelre asidgnalcs te@l avoial ssyateing

mal functions. At this stage, each hole 49 coaxially aligns with one hole 31
in surfacepddif{Eogur enSpaiW blf knay t33-mechheriseantivigPesi tdai a

m croprocessor 27 actuates bar code reader 91 to scan and read a bar code

| abel 51 whighalstprecisekyplrocatsed raliong ctaltd rej deagdgheofndsttaye 43y 1abel
51 identifies tray 93 and, thus, the nunber 2 JAN 2003 of suspensions 95
and each ofeadigi topbei prroaeshkased upon prior information supplied during
manuf acturi ng and assenbly. The information associated with label 51 is
sent to a PC hoat bdat aoter merale rt moougleds em alheparapatredibwwg . 1dnek | abe
51 has been read, each part or suspension 45 nust be physically detected in
order to venitiet heagctur acyeafs timg dradedlidamfremgratdiony Meroppceassort27
signals each optic fiber 33 to emit a visible light which is reflected back
by the netabnsantacdroh theecagsed atdthtsumspendifdredShdheraeflaot bdisi ght
is collected by photocell |ight detector 35 through the sanme optic fiber 33
and an el ectandcaknsiognalcails sgermrratied: d e hdooratdit e adtt lpa et presenceher
absence of the part. M croprocessor 27 reads the status of each one of the
sensors i ntrhy deftaytst rtdrssirateesendd o1 riflorend onf i ntrep et r eatlabl e t ext
nmessage for the operator to observe, and sends it to the PC host through
the seri al MHEEPPIPIFE SPRINdsadisddq e 4 Hiordvatom pR bvikedsdyse¥ay nmapper
11 to verify that the previous information provided through |abel 51 is
accurate. PPAERSY S MW %S Uit st th rEle 43r 3y Wleebt edThif t he
information is inconsistent, tray 43 is rejected. Tray 43 is then renoved

f r om mappeinNfPraRd ivrodes B hdObridih PR HRF thelprdckfirend s Fepbyted for

ot her trays 43. ,
to decide if the tray should be accepted or rejected. The

operator is informed of the proper action via a text message
on his terminal. The operator then handles the tray

accordingly.



- 2 JA N Z003 _8 The invention has several advantages. The tray napper
provides a fast, efficient and accurate means for inspecting trags deﬁEHﬁB
gi nbal assenbly suspensions. The el enents of the mapper are precisely
toleranced to yield inproved performance over the prior art manual

i nspection nmethod. While the invention has been shown or described in only
sone of its forns it shoul d be apparent to those skilled in the art that

it is not_sa I ut is USECE vari ous changes w t hout
departing L lbc oo l%!: nds - 2J ANZ2003 -9 W claim 1.

An appar at us, onprr a tra havr pl.ura |t of positions confrgured
in a two-dinmen ’?q}ﬁ/ ‘{’}81%63?9?0 e ‘e“f‘?'@' PRI P TS

supportin Ienent mhereln at_| east on of t 05|t| s j s, adapt ed
Lo Suppor £Th ARG (o8 Thhe TGPy 165 (oLl rdy:© SRR et gt B
recept acl g) for cl osel%errecer ving the tr a re er f xedl%cf unt ed W th

respect t &GP F T st 'f‘?‘rjemf%b%ﬁdo‘ﬁa? S rpager gt HE i Of

di t to t b dj t t
oopt acl At IO rOr G Bl 7 TUh SBI b obh B L €ﬁe$rr%?e€£§st

t wo drnensrons math one of the positiaons on_the tra en ray jsin
the recept e oM Td S oS bEF e SRt wel Hob demsed Litat
presence %rhee}rbesoe Cw 1O<Ih alns eilefre trelxtegaCh Oﬁetggpgggeé é)raw;Lr?é]g, which
drawings form a part of this specification. It is to be
noted, however, that the drawings illustrate only a
preferred embodiment of the invention and is therefore not
to be considered limiting of its scope as the invention may
admit to other equally effective embodiments.

Figure 1 is a front isometric view of a tray mapper
constructed in accordance with the invention.

Figure 2 is an enlarged isometric view of a switch on
the tray mapper of Figure 1. Figure 3 is a front isometric
view of a suspension shipping tray mounted in the tray
mapper of Figure 1.

Figure 4 is an enlarged isometric view of the shipping
tray and tray mapper of Figure 3 showing the switch of
Figure 2.

Figure 5 is a sectional side view of the tray mapper,
shipping tray and a suspension of Figure 4 taken along the

line 5-5 of Figure 4.



‘a mi.croptocessor connectable to the reader and the sensors for processing
informati on associated with the | abel regarding the elenents ap éﬂ§4 nO 3
information collected by the sensors and generating a response t ~%4 Q.
The apparatus of claim 1l wherein each of the sensors conprises a single
optic fiber with a photocell |ight detecbor for sending and receiving an
optical signal froma single |location. 3. The apparatus of claim2 wherein

t he OptiCBEEQe&%d%tEBEZ%aEEgﬁgﬁgduthhe 4nvEhgiapparatus of claim1l wherein
the recep : : P surface on the base with a back
wal | and a pa'ﬁe%%rikggdW%l%ﬁ'uneé'lza%égg%OQBtia gggipelhﬁlaggaratus of

claiml whereinther er COnrprises a code’r and "t hé"l abel

conpr i ses, bap, gaded Lnformmiion. & 15hg appal Al us b ehan Luherein each

of the sensors s ounte N a"hole’in the receptac he "appar at us of

claiml, Curthen compulsing an fel ne TRGAAN oot | ¢ i xggly. mount ed

wth resp receatacle or “détecting tray is‘in the

receptact gy, &, LG 2OPALALYS 0L Gl PRI STy 0 ! BB IGLORoGEsS0r ST gnal

the reader T0 read tthe Tabél” i°n responsée actuation o he switch. 9. The

appar at Us oL CLaneh e €0 e 1osRansE 9RReLaLed i g, gl PRrocessor

is processed™to acc thé tray when theé i nf ormati on associ ated with the

| abel it ghes dehgal 9t g, eldestenday e chensohsn aud haneln the

: e
response generat thé™m Croprocess rocessed to reject e tray

when the LaLar IR, Ass90hal s e habel diad naqRyl sttty the

i nformati on”colleCte t he sensors. i'nspectin

Lransport deyjGe LYY N LA PTG 30358 W KA degeptagle and a

plurality of sensors edl’y 'nounte respect to the réecep e in a

two- di manﬁi70 %?{(Jir g]rr.reaé’p&%e@ %&)%Qrtocﬁ%%o ro'nea%‘iilo%[kkrraﬁizf %r E))fr%,?}\?s%e wth a

| abel and a p ity posrtions wherein a plura e positions

each cont aj. | e t 1o f R -.di i | ~arr; f. el S; 2 J
A N 2003 ?i%t?%f%blggghgﬂ%ﬁtgr éﬁﬁ%f@ ErS)i g o3 1%yl%cé%%3n§y

e transport device in the receptacle such that

each of the ROYd QNS QR LG I ANIROM 1dRMIE §a2his¥a3, Wid B onef dihe

sensors in two-di nensional alignnent; (c) reading the Iabé1 on the

transport ,davisC®1 . Each switch 23 has a short, movable actuator 25
that protrudes forward over surface 17. Switches 23 are
electrically connected to a microprocessor 27 (Figure 5)
located within body 15.

Surface 17 of mapper 11 has a plurality of holes 31
that are symmetrically spaced apart from one another. 1In
the embodiment shown, there are twenty holes 31 in surface
17. As shown in Figure 5, each hole 31 contains a duplex
optic fiber 33 which emits visible light. Each optic fiber
33 also contains a photocell light detector 35 for detecting

the reflected light of optic fiber 33 and emitting a return

signal to microprocessor 27 in response thereto. Tray



‘(d) detecting the presence or absence of an elenment with the sensors in
each of the positions on the transport device; and then (e) proce?sddﬂ“ZUﬂS
i nformation associated with the |abel regarding the elenments and the
information collected by the sensors and generating a response thereto. 11.
The method of claim 10 wherein step (d) -€onprises emitting visible |ight
with each of the sensors and detecting any reflection thereof off of the

el enents f1:0Ma SiinGhgd QGAldAtesld cOM/aTRLNNh 107 L Mk gL ein step

(c) conpris scanning a bar code on the |abel with a bar code reader. 13.

The met hod (fqeG! afim A AR & )0 wiHieh (1®) AV S &h RINCRSSItHE thid £sppnse
to accept or reject the transport device. 14. The nethod of claim 10

wherein steRy(B)s f UrF@therCQm)_riissQﬁyéieatkﬂ(é L) AN R RSNE G Ay ddifed ransport
device. 15. The nmethod of claim 14 wherein step (b) occurs before step (c)

,and step (), 106GWS RehU i@ dd)27. 16. An inspection system for

determ ning “the presence of all intended elements for being transported as
a unit, conmprisifG,a-difah heviqigres M-l idy Hed@PHIRa8 td ons for
receiving intended elements to Torma two-di mensi onal array of the intended
el ement s, recoded | ahelndQl gimbA HINRR03, -k dddantddyi g

i nformation gﬁ%ﬁ?ﬁmhether each elenéﬁi position iﬁ%ludé% an intende%n

el ement; & .jjase-davi nge & FACeRIGAME R T0rrdhe ddfot forpar Gpdg,d eader for
scanni ng the |abel and devel oping a signal consistent with the | abel;

sensors NUERHA dhi e hase adipeenti 4 td el RFARAC) & d Thpuiyw-Hipsasi onal

array, there being a respective sensor correspondingly aligned wth each
el ement pegidy Qe § o d i @onLarh KANSApEEARNRY 4108 di Sh$i gmadndin
response to the presence or absence of an elenent in respective el enent
posi ti ons whiile ddectidi endsd sleimntse alevaidayed gdel Wb S easi ons; and a
m cr opr ocessor connected to the sensors and to the reader for processing
t he readercsinials andsd el ¢ 4f oEHRdu QD Kepardh ngriagital s el engd  presence
determ ned by the sensor signals and generating a response thereto, and
wher ei N sajgh FASPONSEL dSs agiad) e Lo Rer Priveeissesh angl s pamesehys coaput er
means. 17. The inspection systemof claim 16 wherein each of the sensors
conpri ses yBSiNge. opdide fiders Wit hage ibsédl €1y bba phwtnsett €etector for
sending and receiving an optical signal froma single |location. 18. The
i nspecti orclsysd M écelad MmUS Whesedn 4§ e redeps ast ec £oPI3 seswigep! 8nar
upper surface on the base with alignnment features along its side and rear
edges. 19.rehe ddgpest | Oragys3 eabwis abad s dfp Wher ed dtddieo receptatie bas a
plurality of holes and one of the sensors is nounted in each of the hol es.
20. The i nspepde oad systent Dfy chatredbocdsisdihne?? clonpt i Sitayg 4 is in
el ectro-nechanical switch fixedly nounted with respect to

properly located in a scanning position for inspection.

Microprocessor 27 continuously validates the signals to
avoid system malfunctions. At this stage, each hole 49
coaxially aligns with one hole 31 in surface 17 (Figure 5).
With tray 43 in the scanning position, microprocessor
27 actuates bar code reader 41 to scan and read a bar code
label 51 which is precisely located along the siée edge of

tray 43. Label 51 identifies tray 43 and, thus, the number



-~ 2 JAN 2003 -13 the receptacle for detecting when the tray is in
receptacle. 21. The inspection system of claim20, wherein the-z JAN 2003
m croprocessor signals the reader to read the |abel in response to
actuation of the switch. .AF

e.AAIY. Al .Ar.AAy. A . ARAY .A A3. A A73r. Aye22EFV$3j : >?06nzupkfa\ W ca] ca
] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]

c"a] c: a] T Glalfelalichal Us aldd @Gach of their positions based up
9Vvder wCDAB! 3@: Xsni d_Z] c] ca] c( a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc

a] CI( ;i_] (LZJ ?] ﬁlﬁ/gﬁoﬁa@&%@ﬁ%& Aol heal oAl Al ey g arka

#] ###SDG\

CL U enal e A e]‘@]v&fg] saeadcal eal et oal cal
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is generated in accordance with the presence or absence of
the part. Microprocessor 27 reads the status of each one of
the sensors in the array, translates this information into a
readable text message for the operator to observe, and sends
it to the PC host through the serial port. The PC host uses
the information provided by tray mapper 11 to verify that
the previous information provided through label 51 is
accurate. TIf the information is consistent, tray 43 is
accepted. 1If the information is inconsistent, tray 43 is
rejected. Tray 43 is then removed from mapper 11 and
processed accordingly, and the procedure is repeated for

other trays 43.
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provides a fast, efficient and accurate means for inspecting
trays of head gimbal assembly suspensions. The elements of
the mapper are precisely toleranced to yield improved
performance over the prior art manual inspection method.
While the invention has been shown or described in only
some of its forms, it should be apparent to those skilled in
the art that it is not so limited, but is susceptible to
various changes without departing from the scope of the

invention.
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1. An apparatus, comprising:

a tray having a plurality of positions configured in a
two-dimensicnal array, each of the positions being capable
of supporting an element, and wherein at least one of the
positions is adapted to support an element;

a label affixed to the tray;

a base having a receptacle for closely receiving the
tray;

a reader fixedly mounted with resgspect to the base for
scanning the label on the tray;

a plurality of sensors in a two-dimensional array
mounted to the base adjacent to the receptacle, each of
sensors being precisely located to align in at ieast two
dimensions with one of the positions on the tray when the
tray is in the receptacle, and each of the sensors being
adapted to detect the presence or absence of an element in
each of the positions; and

a microprocessor connectable to the reader and the
sensors for processing information associated with the label
regarding the elements and the information collected by the

sensors and generating a response thereto.

2. The apparatus of claim 1 wherein each of the sensors
comprises a single optic fiber with a photocell 1light
detector for sending and receiving an optical signal from a

single location.

3. The apparatugs of c¢laim 2 wherein the optic fibers

utilize visible light.

4, The apparatus of claim 1 wherein the receptacle
compriges a planar upper surface on the base with a back

wall and a pair of side walls.
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6. The apparatus of claim 1 wherein each of the sensors

is mounted in a hole in the receptacle.

7. The apparatus of c¢laim 1, further comprising an
electro-mechanical switch fixedly mounted with respect to
the receptacle for detecting when the tray i1s in the

receptacle.

8. The apparatus of claim 7, wherein the microprocessor
signals the 1zreader to read the 1label in response to

actuation of the switch.

9. The apparatus of «claim 1 wherein the <response
generated by the microprocessor is processed to accept the
tray when the information associated with the label matches
the information collected by the sensors, and wherein the
response generated by the microprocessor is processed to
reject the tray when the information associated with the

label is inconsistent with the information collected by the

sensors.
10. A method for inspecting a transport device,
comprising:

(a) providing a base with a receptacle and a

plurality of sensors fixedly mounted with respect to the
receptacle in a two-dimensional array, a microprocessor, and
a transport device with a label and a plurality of positions
wherein a plurality of the positions each contain an element

to form a two-dimensional array of elements;
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aligns with one of the sensors in two-dimensional alignment;

(c) reading the label on the transport device;

(d) detecting the presence or absence of an element
with the sensors in each of the positions on the transport
device; and then

(e) processing information associated with the label
regarding the elements and the information collected by the

sensors and generating a response thereto.

11. The method of claim 10 wherein step (d) comprises
emitting visible 1light with each of the sensors and
detecting any reflection thereof off of the elements from a

gingle location.

12. The method of c¢laim 10 wherein step (c) comprises

gcanning a bar code on the label with a bar code reader.

13. The method of claim 10 wherein step (e) comprises
processing the response to accept or reject the transport

device.

14. The method of c¢laim 10 wherein step (b) further

comprises detecting the presence of the transport device.

15. The method of claim 14 wherein step (b) occurs before

step (c¢), and step (c¢) occurs before step (d).

16. An inspection system for determining the presence of
all intended elements for being transported as a unit,
comprising:

a tray having a plurality of element positions for
receiving intended elements to form a two-dimensional array

of the intended elements, and a bar coded label for
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identifying information about whether each element position
includes an intended element;

a base having a receptacle for the tray;

a bar code reader for scanning the label and
developing a signal consistent with the label;

sensors mounted in the base adjacent to the receptacle
in a two-dimensional array, there being a respective sensor
correspondingly aligned with each element position on the
tray, each sensor adapted to emit a signal in response to
the presence or absence of an element in respective element
positions while the intended elements are arrayed in two
dimensions; and

a microprocessor connected to the sensors and to the
reader for procesgsing the reader signal and the information
regarding actual element presence determined by the sensor
signals and generating a response thereto, and wherein said
response 1is adapted to be processed and displayed by

computer means.

17. The inspection system of claim 16 wherein each of the
sensors comprises a single optic fiber with a visible light
photocell detector for sending and receiving an optical

signal from a single location.

18. The inspection system of claim 16 wherein the
receptacle comprises a planar upper surface on the base with

alignment features along its side and rear edges.

19. The inspection system of c¢laim 16 wherein the
receptacle has a plurality of holes and one of the sensors

is mounted in each of the holes.

20. The inspection system of claim 16, further comprising

an electro-mechanical switch fixedly mounted with respect to
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receptacle.

21. The inspection system of claim 20, wherein the
microprocesgor signals the reader to read the label in

response to actuation of the switch.



