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-1- . TRANSFER APPARATUS AND METHOD FOR TESTI NG FACI LI TY

BACKGROUND OF THE | NVENTI 5 The present invention is conc ”ﬁ%d
with a transfer appar atfus .for transferring itenms or parts to ﬁ_ ﬁﬂ%
back and forth froma n eyor belt or other transport nechanlsm

atest rig | ocated al ongsi he belt. I n manufacturing parts such
as electronic chips or 10 circuit boards, the parts nust be tested before
packagi ng to ensure that Ahey are not faulty. Typically, this is

done by repeatedly picking up a part-i+om a conveyor belt, noving it to
the test rig for testing, and then returning it to the conveyor belt

bef or e | ndexi ng 4 igs bk Lnk akndiEl! Ay RERRBDOPOROTERNG Suksamuant par!

can be tested. In known nes, e mechani sm for picking up parts,
testing them and returning thenlto the belt is arranged to pick up a

part, nove it vertically umpxRoUNS IDF ITHEIOOGENTBIORNg! of 90[err]
In the sane plane, nove it forward to the test rig, 20 and then reverse
the novenent to return the tested part to t he belt. This involves a

very | a8 ge and hEhey prmsaernyt: invemtissp sisiceohberdeflveritgthanitemnsfeart of
the moving fi6adratus 888 £5aAUkLEriRBPLEEns or parts to be tested back
and forth from a conveyor belt or other transport mechanism
to a test rig located alongside the belt.
In manufacturing parts such as electronic chips or
10 circuit boards, the parts must be tested before packaging
to ensure that they are not faulty. Typically, this is
done by fepeatedly picking up a part from a conveyor belt,
moving it to the test rig for testing, and then returning
it to the conveyor belt before indexing the belt to a new
15 position so that a subsequent part can be tested. In known
machines, the mechanism for picking up parts, testing then,
and returning them to the belt is arranged to pick up a
part, move it vertically upwards, turn it through an angle
of 90° in the same plane, move it forward to the test rig,
20 and then reverse the movement to return the tested part to
the belt. This involves a very large and heavy moving

mass, since the drive mechanism is part of the moving head
and is quite complex.

25 SUMMARY QOF THE INVENTION

It is an object of the present invention to provide a
new and improved transfer appératus for a test rig for
transferring parts to the rig for testing and returning

30 tested parts to a conveyor.

According to the present invention, a transfer
apparatus is provided which comprises a mounting frame
located above a horizontal conveyor or other transport
mechanism for transporting parts such as electronic chips,

35 and facing a test rig to one side of the conveyor, and a



25 SUMVARY OF THE | NVENTI ON It is an object
of the present invention to provide a - new and i nproved transfer
apparatus for a test rig for transferring parts to the rig for testing
and returning 30 tested part$ to a conveyor. According to the
present invention, a transfer apparatus is provided which conprises a
nmounti ng frane | ocat ed above a “horizontal conveyor or other transport

mechani sm for transporting parts such as electro%?c chkps, 35 and facing
a test ri5TRHSERE LrRAS BFSERPWYoRPERGRPIghgoynted on the frawg.,,lhgr head

assenbl y tebaksdRy mommteskatblhecbhpi@setha rotdtatisd edr readshasenbl y
conprises_a fQ abl.e, driv f fir I gk-u e noyab nount ed
at one end o_r;l’{%t‘e %l%kdﬁl#)vg‘é (gf %“"’é’ﬁ&la’?i %%?ﬁ%egt (\%5[(2??] %?:g t#ﬁe7l g%llieve
shaft, andrav® shadfdhd®pi cRr ipnheddafovasl yendiir < vYe t faafhne2BAd 2of t he
dri vesshalde Mé Yi@nhgs dad SovebiPendih¥8ashef thandame eh@r Bgnéneul ar to
the first puck-ug head. Each glck-up head_ I S nnv%pLe in a gérect on

per pendi c Ve o>PAEE, AP cPFiented R k48p HFd®RRd WdvE rFReEbtt REYri ve

shaft bet wearpeard ol bndlettb khe istst @i cloehm Heatd Ac Bathp dicki-ap head
2 first 19 SeldEtin 5 edrRRE ST R rigl ShLAE b0T g, FR s R e
directly abicse-umehemhwybre Ehdd Hhe sboine sihaftupetowen an fexd@ndsgsk t est
g, gNd HEeLON6N PAT td Gt rh it g hddfrion. 14 HrdLherRIRAd dedsgse the
test rig and the secaond pi ck- ] . .
is provided for rotating the drive shaft between a first
positioi'\ in which the first pick-up head is positioned
directly above the conveyor and the second pick-up head
faces the test rig, and a second position in which the
15 first pick-up head faces the test rig and the second pick-
up head is above the conveyor. A pick-up head drive
mechanism is provided for driving each of the pick-up heads
back and forth Dbetween their extended and retracted
positions in each of the two positions. Each pick-up head

has a holding device for picking up and holding parts to be
tested,

20
and an ejecting mechanism for ejecting parts from
the pick-up head after testing.
When the drive shaft is in the first position, the
first pick-up head is extended to pick up one or more parts
25 from the conveyor, and then retracted. The drive shaft is
then rotated into the second position while the conveyor is
advanced to a new position. At this point, the first pick-
up head faces the test rig and is extended to advance the
picked up part to the test position. Simultaneously, the
second pick-up head is advanced to pick up one or more
subsequent, untested parts from the conveyor. The
rotatable shaft is then returned to the first position.
The first pick-up head carrying a tested part will then be
positioned over the empty place on the conveyor from which

30

35 the second pick-up head Jjust removed parts. The first



up head i s above the conveyor. A pi ck-up head drive mechani smis
provi ded for driving each of the pick-up heads. back and forth between
their extended and retracted positions in each of the two positions.
Each pick-up head 20 has a hol ding device for picking up and hol ding parts
to be tested, and an ejecting nechanismfor ejecting parts from

the pick-up head after testing. -3— \Wen the drive shaft is in the
first position, the first pick-up head is extended to pick up one or

nore parts from.t he,conveyqr nd then, tetracted The drive,shaft is
t hen rotate§§Fﬁtg%¢%§%%cgﬁd%giﬁqé%ﬁ W I&Rﬁu§%§§ﬁ%y8?rgsls ej%ﬁgﬁaced
to a new po®¥acKorentn tihe¢scpovayort he The shepdcls then uptmwmtdaceshehe

test rig andonvepdrended §aaaduanceotdera, _arP&Ck@% U%i_@cr-h tohEQ§ test
position. Si It%p%Pusl , the 30 second pick-up head is advanced to pick
up one or m?rg%en e ﬁﬁ%e‘hu%?lt?lc’&n‘ﬂgs?eﬁewpmré? fportesteand conbeybhe
The 5 r otsaiveb|Eirhafthe ssebendr piokrag headndd iddientsd té®Nadvance The

first pick- NG & test d part will.then g osi tioned over
the enpt Ilig"c%%%%ﬁ%ﬁereé onveaool? arr(;q?ﬁ vﬁ?%hte%%m?he g%%ﬁdb ?l&kpb KRBRq
npty p nvey
just rennve@qggqgﬁre Jeinj retracted, the rqtatgble shaft is rotated- 3-
pi ck-up head it teniachbidbdderiss! eéjntﬁaﬁﬁe' éx@l‘écri%dregea g&*& onto the
conveyor. The head, is then retracted, the onveyor 1S 1 ndexed forward,
and the pick-up HeRF | 8PParagRsentedsagaisicantilok tpskerewnshr simpler
testingo At thunh Spré&adBusi RRankiers erh i diks Up h@adlsisufxwadﬁéckoup
~advance ﬂééh&afiﬁsgtgﬁét ot parts fqr testlng. After éﬁf]énck-u
heads are again retracted, tHe ot & &bl SHAF ¢ SPEVRYPL; &fd one at the
test rig, the testing procedure is considerably speeded up.
In a preferred embodiment of the invention, the wvarious
_driVes are mounted on the stationary frame, providing a
15 much lighter moving mass than in previous machines.
Preferably, each pick-up head is slidably mounted at the
end of the rotating shaft and biassed into the retracted
position by a spring or the like, and first and second
pick-up drive rams are mounted on the stationary frame in
20 alignment with the pick-up head in the first and second
positions, respectively. Each pick-up drive ram includes
a drive mechanism such as a hydraulic cylinder or the like
for driving the ram forward to push an aligned pick-up head
into the extended position. When the ram is retracted, the
25 pick-up head will be urged back into its retracted position
by the biassing device or retractor.

Preferably, the transfer head assembly includes an
enlarged support block at the one end and the pick-up heads
are mounted on opposite sides of the support block. Thus,

30 the first and second pick-up heads move back and forth
perpendicular to one another and in offset planes in each
of the first and second positions, so that the pick-up

drive rams are similarly offset and do not interfere with
each other's movement.



into the second position, and the cycle is repeated. Thi s
apparatus is significantly faster and sinpler 10 than previous transfer
mechani sms. By using two pick-up heads si mul t aneously, one at the
conveyor and one at the test rig, the testing procedure is considerably
speeded up. In a preferred enbodi nrent of the invention, the various
drives are nounted on the stationary frame, providing a 15 nuch lighter

noving mass than in previous maghi nes. Preferably, each pick-up

head is slidably rmunt ed at the end of the rotating shaft and bi assed
into the retrac%

b d
second pi ck ct‘ff)’rdirli \fg SI t | ok }éé/ st ercldtng%tor%ﬁe glf%%sgntagg ERESbAA"

onary Yrame i'h 20
al i gnment i trietthvel mfi:kpupkheadupnpahgsf from anEIeRYRE , MOV ppgi thems,

respecti vely, JFadduirig) upaﬂa' ié'éthﬁﬁh.hBC'tlé@%d parts thé Ven eehaRyBrsuch
as a hydraulic cylinder or t drivin he ram forward to

push an al iigneRrFPYigedp Mﬁ%?h °°mPﬁ%%e§h§q%d§ﬁﬁ%ﬂ B&m39§ﬁFl?%éﬁgtﬁe ram
I's retwsact Q(irsid”le;n?hdac ~pp Cedi@ hoaftedl bnbene gadl hetka i nbvatiagr f&ihra&dflt ed
position Si i ce sketra Rr e Ry,

t he transf@ndne d"eag-‘se St rﬁc?l'l?é‘es 50 to ﬁf-‘araeafsupﬁgfaft& Yo8K%At the
one end andheheqrivskap itreadflrst ‘paasd trioum iofd the Upmlm §|h§he?§:,ofar'td1e
support bl ég% | d eggﬁg and
forth %g'gnrtblen#%ulllar t ;é&%?l{‘)% r a':m |nrpjf Ejet pl nes I n eefqh%%(

of the fi rg\w%*ép%é@brrewc%néNﬁqsth%éfqmmm@fmf&arp an anghe RE ‘s are

simlady aid sfie aihfo 1 gl Vi to the FEHBWIPIRIK- AU ® Ho
-4 as to face a test rig, extending the first pick-up head in
a first direction towards the conveyor and at an angle of
45° to the rotatable shaft, picking up at least one part
from the conveyor, retracting the first pick-up head,
15 rotating the shaft into a second position in which the
first pick~up head faces the test rig and the second pick-
up head is above the conveyor, indexing the conveyor to a
new position with a subsequent part positioned below the
second pick-up head, extending the first pick-up head in a
20 second direction towards the test rig, the second direction
being perpendicular to the first direction and at an angle
of 45° to the rotatable shaft, testing the part, extending
the second pick-up head and picking up at least one part
from the conveyor while the part held in the first pick-up
25 head is being tested, retracting the first pick-up head .and
tested part and second pick-up head and new part, rotating
the shaft back to the first position, extending the first
pick-up head to the conveyor and depositing the tested part
back onto the conveyor, indexing the conveyor to a new
30 position, picking up a new part from the conveyor on the
first pick-up head, and simultaneously extending the second
pick-up head to the test rig and testing the part held on
the second pick-up head, retracting the first and second
pick~-up heads, rotating the shaft to the second position,



Accordi ng to anot her aspect of the present invention, a met hod of

pi cking up parts froma conveyor, noving them to atest rig, and
returning tested parts to the conveyor is provided, which conprises the
steps of positioning a 5 first pick-up head nounted on the end of a
rotating shaft and oriented at an angle of 45[err] to the shaft
directly above the conveyor in a3frst position of the rotating shaft,
and simul taneously positioning a second pick-up head also

mount ed onafide zepesftinige tbeatprershaie antdd angle PATUYS[ drave 1beento t he
shaft and peyfendicular to the first pick up head SO as to face a test

rig, extending the first pick- g first |rect|on tomards t he
conveyor and at %htBnghe Oﬁoreg 1%[&‘??"}“’90 at’}ﬁe PBPAEANYE +s BRY S piB%i8 ng up

at | east oramaltaneousiyonseﬁ.hq GHRIBrap I £f 6RC tthieg ctdnevéyds:st bpild:kourp
head rotatt ng t.he sh second gom trl 0 V\/m c

, th
first pick thbe h%éﬁ fages "‘P’e]gl[e P9 and®the®s8¢6n p ck- Q %thnead i's
above t he @inikeyap, hemﬁexlfng ttesttimy ey @onsidgrably newepddingi onpvmtthfi a

b bel |
subsequent p@@‘fz Easg&geee@ ol 8thidCne nobRANG AR RERH: Cathaud n
n

in a Second on_ towards the test  rig, the
second di r RR}pnthe pigkryp béPﬁénEPéuPﬁF thet aptires drdivice Mg at an
angl e ot fé[:ﬁéiéti@eweu@ﬁ@i&xecséaﬁf lstalasd ) &Qaddtﬁl.r@rdllgﬁﬁeﬂﬂdl ng
t he sec&nw E gl Pg and pICrIF%g. s.t oq_g_’oeo fromthe
conveyb LREs FENg1as ¥ |srl§rip (,ylf'ri?p aﬁ’]%%’a"?‘é bei ng
tested, retracting the first pick-up head. and tested part and second
pi ck-up head and new parénlﬁﬁtﬁéééﬂlg'r%orlt@ %? B@EKG o the first
position, extending theTITrs P nveyor and
depositing the tested part back onto the conveyor, indexing the

conveyor to a newnh20 predfdrit OThvéh €M OviD) abaePekier WrHBESEOSONFLYRI ON
0 ponerbhe, PheidRhee et seneorsl vt g g g seeandy
pi ck- up headmbodimertt rf tthe finventdroh ,sdmkeh in corpﬁmketqaorhe‘adth theat i ng
the shaft tQ L& 3G6AMy PRSANEAYs, in which like reference numerals
refer to like parts, and in which:
Figure 1 is a side elevation view of the transfer
20 apparatus according to a preferred embodiment of the
invention, with one end plate removed;
Figure 2 is a sectional view taken on line 2-2 of
Figure 1;
Figure 3 is a sectional view taken on line 3-3 of
25 Figure 1;
Figure 4 is a pictorial representation of the
rotatable transfer head; |
Figure 5 is a sectional view taken on line 5-5 of
Figure 1;
30 Figure 6 is an enlarged side elevation view of one
pick-up and holding head; and
Figure 7 is a schematic block diagram of the control
system for the apparatus.



-5- and repeating the procedure until all parts have been t est ed.
Wth the foregoing nmethod and apparatus, parts are si mul t aneousl y bei ng
pi cked up fromthe conveyor belt on 5 one pick-up head while other parts

are held in the other pi ck-up head for testing, considerably speeding
up the testing process. Since the _noving transfer head carries only
t he pick-up heads and not the entire 5r|ve mechani sm it is relatively

| i ght wei ght and stabl e, reducin aI| nment 10 robl ens_and consi derably
sinplifying the appalBSERIPTIO F' THE PREFEE@&QQ@Q@% | ON OF THE
DRAW NGS The present |nvent|on wi ||l be better understood from 15
the follow ng etail ed descrr Lon, q{

ref.erre nbodi nent of
t he inventi on, t Bkl ?%Sg%ﬁjdﬂ%?lon Wt h ?r1accg %ln@eoﬁﬁanylﬂgr%r%ﬁfﬁgs in
which |ike embedemeetnmr@r &he presepterinventian past gnounieed n akiviveh: a

Figure g 'Scan%s}ereho@ia«_t Ilc.ﬁ efaxef%%gt BSrEéaﬁlﬁf% %@ @B%?é@téﬁd eseegdl ng
to a preferred enbodi nent f ot ention, one end

r emoved; test rFﬁgBFef?rlEeﬁt%BEtFBﬁaPa§F§m1T%Q@%ssnl}}“%t§a§egfln

Figire 1, Figures 1iFi gur&nd sszaEnxnrbnelcuneuybnkbehm1dndmxﬁbBteEtZS
Figure 1

; . lgure, 4 is é re %a he
rotatabl e tFANsPER ﬁgagﬂe type cgngﬁﬁg % 1V5838§ |%%§ 933&/t5?5n Son
| i ne 5-5 of manufacture and testing. As illustrated in Figures 1 and

10 5, the conveyor belt 12 carries rollers 17 which run in
tracks 18, 20 along opposite sides of the belt. A series

of trays~or boats 22 each having four seats or recesses 24

for receiving parts 14 is mounted along the length of the

belt 12, as best illustrated in Figure 3. Each tray has

1is alignment openings 25 on each side of each recess 24. The

belt is moved in the direction of the arrows 26 as

illustrated in Figure 5 by a suitable stepper motor or

other belt drive mechanism, with the parts being removed at

the end of the upper path of the belt before the trays

20 reach the return or lower path of the belt, in a known
manner.

The transfer apparatus is arranged to pick up parts

from the conveyor, move them to the test rig for testing,

and then return tested parts to the belt. The transfer

apparatus 10 basically comprises a mounting frame 28 and a
transfer head assembly 30 rotatably mounted on the frame 28
for movement back and forth between first and

25

second
positions. The rotatable transfer head 30 is schematically

illustrated in Figure 4 for a better understanding of its
30 operation. It comprises a rotatable shaft 32 oriented

along a first axis of rotation 34 and having an enlarged

support block 36 at its free end, a first pick-up head 38

movably mounted on the support block 36 for movement back
and forth along a second axis 40 oriented at an angle of

35 45° to the axis of rotation 34 and offset to one side of



Figure 1; 30 Figure 6 is an enlarged side el evation view of one

pi ck-up and hol di ng head; and Figure 7 is a schematic bl ock

di agram of the control system for the apparatus.

- 6- DESCRI PTI ON OF THE PREFERRED ENMBODI MENT A
transfer apparatus 10 according to a preferred enbodi nent of the
present invention is nmounted above-a-5 conveyor belt 12 carrying parts 14
to be tested and faces atest rig 16 for testing the parts, as best

i1l ustrat el Rnase FRQULRS 4 s3d Didialdp tﬂ&dcwwama) tmAkk ddie t est
rig are of the type conventiqgnally used in el ectroni,c

%Ub nanufacture
and testiRg. 9Q$|§WHR3§§ﬂQ&P?WI%ﬁgﬂ?e§hf SRE°FS eSSlFﬁe ébn ot hert 12
carries r@io-sapl heshi ctor ovement baakkand8 fo2@haladmpgopposax s st ﬁes of

t he belt. ' 2 [ S§AL &
recesses ?}lspeéﬂﬁsculraé:cgélovft%gé/%a%o@?)?lsgrr%ﬁ?\%g%i@? ¥ %)ﬁ&ei enflth of the
bel t 52, &P e axisisef at@*éathomgu?éesplczqm W%a@ 23 4% yhtent

openi ngs %‘%ﬁh@@&%&ﬁl@\ﬁc@p&ﬁ E@C&S}é Z2Aothdh€and ea@l@|ét|§n”@i\1{@ﬂel n the
direction of the arr 26 ustrated in F ui.t abl e

stepper mfthorddr to t %n?ﬁ%stﬂﬁtrQﬁ?Q%Pﬂecﬂﬁ.|@%¥emfg%£tﬁ%dp§?F§ﬁbépng
renoved atperpendieukil alrébeivpperimaplamést be meveneeftorwhidie a&rays 20

reach the [eiulp PLohOYRE BALENSE,1RS BRlde {NMAKAML in rTBOPE" 4

10 As schematically illustrated in Figure 4, each pick-up head
38, 42 is secured to the end of an elongate shaft 46, 48,
respectiQely. First and second guide blocks 50, 52 are
mounted perpendicular to one another on opposite sides of
support block 36 as illustrated in Figure 4, and each have

15 a through bore through which the respective pjick—-up head
shaft 46, 48 is slidably supported.

The rotating transfer head 30 is rotatably supported
on the frame 28 as best illustrated in Figures 1 and 5. As
illustrated in Figure 5, the frame 28 basically comprises

20 a pair of end plates 54, 56, one of which has been left out

in Figure 1, and a plurality of support bars 58, 60, 62 and

64 secured between the end plates for mounting the parts of

the transfer apparatus. The test rig 16 is secured between

the plates 5S4 and 56 to one side of the conveyor 12, as

25 illustrated in Figure 3. The first pair of support bars 58

and 60 extend parallel to one another at an angle of 45°

facing downwardly towards the conveyor between the upper

right hand corners of the end plates as viewed in Figure 1,

and a rectangular mounting frame 66 is mounted on the

30 support bars 58 and 60 for supporting rotating shaft 32
also at an angle of 45° to the conveyor. This orients one
of the pick-up heads 38 to face vertically downwardly
towards the conveyor while the other pick-up head 42 faces

horizontally outwardly towards the test rig, as illustrated
35 in Figure 1.



The transfer apparatus is arranged to pick up parts fromthe conveyor,

nove themto the test rig for testing, and then return tested parts to
the belt. The transfer 25 apparatus 10 basically conprises a nounting
frame 28 and a transfer head assenbly 30 rotatably nmounted on the
frame 28 for nmovenent back and forth between first and second
positions. The rotatable transfer head 30 is schematically I-1 lustrated
in Figure 4 for a better understanding of its 30 operation. It conprises
a rotatable shaft 32 oriented along a first axis of rotation 34 and
havi ng an enl arged support block 36 at its free end, a first pick-up
head 38 novabl y nounted on the support bl ock 36 for novenent back

and forth along a second axis 40 orignted at an angle of 35 450 to the
axis of rotation 34 and offset to one side of

-7- the shaft 32 nd a ond_ pi ck-up_ h abl upt e on
t he support bl g.g‘l? %o%rr\é%ﬂ% (%Saos%tggs?’(?g t?) ?ﬁ%sftlzrg?g %.I%B{Egk?%p%ﬁead for
nmovenent Whékhard doivé mbtay J9 ofoxs natatingespafdi cil atst soumdesecond
axi s 40 apfl Al AFangl &) Okt 45k Lbh] matokO 7N &P Pl ah ObBERSRg iRN&rPI Ck-up
heads 38 gﬂﬁ 42 areqﬂh%]oriented grpgndicular f%;oﬁz angthergaﬁd each at
an angl e oppositesEad PlaFe @ 85 £her LrgMma i56n, ARd eHOVe S RYBRPHorth in

per pegdi Cihammeli 7€£CekDBAAEN fRIBRAINIG fEMRMEAE wWiiadfe a7®e, andohbsetarf rom
one anot her, as best

i Il ustrat S¥5SF & urpei%l%gea ﬁ‘t”S?%Lgﬁg'° %égné- tﬁg?é‘é%ﬁ%?ﬁqgm;tg‘l Ceflashyatfc;c t he

end of an3@ eigxt dpdetdp, sd8that theeshefti el yothitradtl yarshprepdretl gui de

tS)! ggzsofo’aé?sﬂ@ed intOPYR180+BeRRERELGN 3% LR WS AN UNEEnREnLPPOSI te
The pick-up heads 38 and 42 are biassed by return

10 springs 78, 80, respectively, which extend between the
respective heads and the ends of the respective guide
blocks 50 and 52, into a retracted position. Figure 1
illustrates head 38 in the retracted position. First and
second drive assemblies 82, 84 respectively are mounted on

15 ‘mounting bars 62 and 64, respectively, as best illustrated
in Figure 1, and are positioned for driving an aligned
pick-up head from the retracted position into an extended
position. The first drive assembly 82 faces the conveyor
and is positioned to drive an aligned pick-up head to the

20 conveyor to pick up components from the conveyor. The
second drive assembly 84  faces the test rig and 'is
positioned to drive an aligned pick-up head towards the
test rig so that a component carried on the pick-up head
can be tested.

25 Each drive assembly 82, 84 in the preferred embodiment
comprises a hydraulic cylinder 86, 88, respectively, and
drive ram 90, 92, respectively projecting out of the
respective cylinder in alignment with one of the pick-up
head shafts 46 or 48 and co-axial with the respective

30 travel axes 40 and 44. Hydraulic fluid will be supplied to
the cylinders 86, 88 from a reservoir (not illustrated) in
a conventional manner in order to drive the rams between
their extended and retracted positions.



support block 36 as illustrated in Figure 4, and each have 15 a through
bore through which the respective pick-up head shaft 46, 48 is

sl i dably supported. The rotating transfer head 30 is rotatably
supported on the franme 28 as best illustrated in Figures 1 and 5. As
illustrated in Figure. 5 the frane 28 basically conprises 20 a pair of
end plates 54, 56, one of which has been left out in Figure 1, and a
plurality of support bars 58, 60, 62 and 64 secured between the end
plates for nmounting the parts of -9~ the transfer apparatus. The test rig
16 is secured between the plates 54 and 56 to one side of the conveyor
12, as 25 il hwst r ¢iesk-ivp Firgidids 3.38 Thgndi r 8t pare ofiduuipiordl bats 58
and 60 extend parall el ne anpther at_an angle, of 4 rrl ci ng
downwar dl 37%?8\%#1 §rt ﬁe"dtcg'njg(e%/o]?egée]ﬁ%%% PH@eﬁ%g%rhat’e l%rkl%é]"{nu %%df%%r ners
of the endijxeat paris-vi evitee i refi filvee pick-up ahgadsr edBangtl af 2okt i ng

frame 66 i3 MUHHREON A RdDr30 detBUPPAY PRrS% AN SO FisErppadt LAY

rotati-ng shaft 32 al so at an angle of 4 %grr to the conveyor. This
ori ent’s ofdgure Gloftll?lepb?’&'k‘-‘%phﬁégd353§af’8 c @5 FRANERINEHOINRBPdl y

t owar ds t ke cowy eyomposhehest he onfoer, pink-cpmpedsed?af deese plate or
hori zont allah GHMEr S Veb OVRIER BNpd S5 of | ficRoup! bHRLIR! %k, 35 oL@ Fioure
secured. Each chuck has a pair of alignment or guide pins
96, 97 and a suction cup 98 located between the guide pins,
10 and is supported on the base plate 93 via a swivel joint 91
which allows the suction head to self level in a known
manner. ° An internal passageway 99 extends from each
suction cup through the chuck, and connects to a passageway
100 through the base plate for connection to vacuum hoses
15 102 to one side of the pick-up head. The vacuum hoses are
supported on the end of frame 74, which comprises a vacuum
manifold, as illustrated in Figure 1, and the vacuum
manifold is connected to a suitable vacuum pump or the like
(not illustrated). Although the pick-up heads are provided
with vacuum or suction cups for picking up componénts from
the conveyor in the illustrated embodiment, it will be
understood that alternative pick—-up devices may be used in
other embodiments of the invention.

20

Figure 2 illustrates a limiter 120 for 1limiting

25 rotational movement of the shaft 32. As illustrated in

Figures 1 and 2, limiter 120 comprises a gear wheel 122

mounted for rotation with shaft 32 and in meshing

engagement with linear gear member 124 slidably mounted

between a pair of limit switches 126, 128 for reversing the

30 direction of motor 70. The limit switches are positioned
to limit the rotation of shaft 32 to precisely #180°.

Operation of the apparatus to transfer components to

and from the test rig from the conveyor will now be

described in more detail. It will be understood that

35 control of the operation of conveyor belt motor, test rigq,



The mounting frame 66 has a first end plate 68 on which a drive notor
70 for rotating shaft 32 is nounted. The shaft projects fromnotor 70
t hrough an opening in an opposite end plate 72 of the frane 66. An

el ongate support 5 frame 74 extends forwardly fromend plate 72, and has
an outer end plate 76 with an opening through which the shaft 32
al so projects, so that the shaft is-wrmtatably supported at spaced
intervals to nmaintain it in axial alignnment. The pi ck-up heads 38

and 42 ar gudi@assesl, By dedl o 10ct8RELPYSe Y &ina &, reRPetidtviady headid ch
ext end between the respective ht}ads and the ends of .t he reslpec% ve
Sﬁ ssor 130,

gui de YA SNaMF Y 3 {SeR PEQ%EET PSS BPGR P TR 1
i |l ustr at ess hsaded8tilcatlly rietYasteatpdsini digulier sk, ahd perfoguonthelri ve

assenbl i esf§flox§§ ge§8ﬁ1 tein‘ﬁ'a)ﬁ[ aéq;?ef@&’{%r?é’ Onpla m%%?ﬂ&e@éér Ggs pnd 64,
respectively, as Past i ust rat e _in Figure 1, and are positioned for
driving anrefegMed the oprpRigp Aeadiribm ch@s ateed 33B8i £28n i nIB an
extended agaiB9sht teNtnéheihitstwdtHesagsenbhy B2sf aseskilp Keadeypr
and is positioned to drive an_aligned pi ck- up. hgag to thaaZ% gonvggor to
pi ck up cofPBneRYE ??BﬁPFﬁeleanv%gﬁr'?‘r gpgociated gubhly Chfi Redraudifp v
84 faces atheatbest82 ramgd datleciks when tlositdmwned ties diulkey aexténdadd
pi ck-up headat URLASLNE  pick &Y pebd 3Ac 0AR 2nCOURGDRA! 163r £iadygg the
pi ck-up heg 2eE can rE!‘e' tg:%tced.%deag. b Eac% %?i ve assen%?y éé ég in the
prefetPed empodisraniated wibprhydsanlhgdegnpEory|§onderd sdetegt when
respectivekym 39d is fuldy \Eteiadd afi? rd &AL d Vel Yadh ObeCthBIp9ek-Of the
respective cylinder. in al |gnmant with one of the pi Ck’é{ip ) head shafts
46 or 48 aMg 56‘-"53?’%@% YACEHR PUPSedsi PS50 asﬁ"éﬁ@t &% angersor
Hydraul i ¢ fulan dow ldetetsinzpltiird gresence Idfe acphicitdens the, cBtclk.onrhe
reservoir Jdu at i copventional cdd)y order drive
t he rans bg’{{&\%’é)edrgg %tfrt %?%n egf"enfite‘aggndg?ré%]r%%t Zicf gg’glﬂlons. €5 el
15 microprocessor or controller 130.
In addition to the sensor outputs, a test rig output
142 is also provided to the microprocessor when a parts
test is completed. Microprocessor outputs are connected to
the drivers of motor 70, hydraulic actuators 82 and 84, and
20 to vacuum generators 144 for operating the vacuum cups on
each pick-up head according to stored program instructions.
On first set up of the machine, both pick-up heads
will be empty and retracted. Assuming that the first pick-
up head is initially positioned above the conveyor, as in
25 Figure 1, in the first position of the transfer head, the
conveyor will first be incremented or indexed via a drive
146 such as a stepper motor or the like to a position in
which a boat 22 is located directly under the head 38, as
viewed in Figures 3 and 5. The hydraulic cylinder 86 will
30 then be actuated to advance ram 90 from the retracted
position illustrated in Figure 1 into a fully extended
position in which it pushes the pick-up head shaft 46 and
attached head 38 downwardly into the advanced position
illustrated in dotted outline in Figure S. Alignment pins

35 96, 97 on each side of each of the suction heads will enter



e

-9 - The pick-up heads 38 and 42 are identical in structure,

and |ike reference nunerals have been used for li ke parts. One of
the pick-up heads 38 or 42 is illustrated in nore detail in Figure
6. As illustrated in 5 Figure 6, the pick-up head is capable of
transporting one or two conponeq;f at once, and conprises a base plate
or mani fold 93 to which a pair of bick-up chucks 94, 95 are

secured. Each chuck has a pair of alignment or guide pins | 96, 97 and a
suction cupce8respanddniet abtanpRatgUleRepi S R SAFHN sSiffpoPfed¥h the
base pl ate gﬁdggqungwgggeggagnziﬂ. which allows the suction head to
self level in a known manne

r. - _An inter.nal. SagaNay from

each suct i onCOGs FﬁFo&GWSFﬁéQﬂﬁﬁéé %%%i%ﬁ%ﬁ%%%?gto a d%%%?%%ﬁggép
108 th;OUﬁhhbha haseuplgt dofo;, tbenappropriateavagwnhogesersatoror4soisne
si de of _t he _pi,ck- ad.s T UURs S por hgpend
of frang 74?%ﬁ%agﬁgkgﬁb?%§gsgg ég%héEFG%%Q ﬁggﬁfgrd?agggillﬁggr§$gg '%
Figure 1, amgacheceacuphek-up mHFHeF d IN¢ cBRnekYd QARPNEN S p R v’é{(}ﬁum
Brgp'ggdtggﬁédﬁﬁfes ZXIKHIﬂ|di§irﬁéEﬁﬁde?&ﬁ&&ﬁ&ﬁribeeaénkpﬂpkhepdbeade

Vi W vacuum or, suction cups_for pickin CcQ e . L.Qm
t he conveyom™a¥ Ra¥e| PN§at r%‘f%dménﬁ’&ﬁq?reﬂ??t?t a\ﬁnsPFg&%%d W%dgﬁicégﬁ t hat

al ternative qigk- fprdpickingmap hearsed and the adwpukemhodikinastyhtehe
I nventi_on. '

rotati ortal r‘?-t}?/%r?é?ﬁmcﬁ@%ees}ﬁaa \{J@?&?&@% Eﬂ%&%ﬁﬁ%lj&aebgﬁﬁrﬁ O%Sand
2, limter 186w ooy iparsts apertorke picked up afpacsr f &t B POt h
shaft 32 and.id AGERLA9ic cylinder 86 is reversed to retract the ram
90, and the pick-up head 38 will be retracted upwardly
under the action of return spring 78. Once the pick-up
15 head is fully up, as determined by the output of sensor
134, the motor 70 is then actuated to rotate shaft 32 by
180° in a first direction into the second transfer head
position. As will be understood from viewing Figures 1 and
4, this will have the effect of moving head 38 into the
20 position previously occupied by head 42, facing the test
rig 16, and simultaneously moving head 42 into the position
previously occupied by head 38, facing the conveyor belt.
As the shaft rotates, gear 122 will also rotate and move
gear memberl24 to the left, until it contacts switch 126.
25 Actuation of switch 126 causes the controller to turn off
motor 70, and then to actuate hydraulic rams 90 and 92
simultaneously.
Once the motor 70 is turned off, hydraulic cylinder 84
will be actuated to move ram 92 from a retracted position
30 into the fully advanced position illustrated in Figures 1
and 3. Ram 92 will engage aligned shaft 46, pushing the
shaft and loaded pick-up head 38 forwardly so that the
carried component or components engage the test rig 16.
Test rig 16 will be of a known type for testing the

35  electrical integrity of the components. While the head 38



engagenent wth |inear gear nenber 124 slidably nounted between a pair
of limt switches 126, 128 for reversing the 30 direction of notor 70.

The limt switches are positioned tolimt the rotation of shaft 32 to
precisely 180[err]. Qperation of the apparatus to transfer
conponents to and fromthe test rig fromthe conveyor will now be
described in nore detail. It wll be understood that 35 control of the
operation of conveyor belt notor, tegt rig,

-10- notor 70, hydraulic actuators 82 and 84, and suction heads,
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128, pi ckJunBAd 3 inai b AaUy éﬁéﬁ@p l%%@rﬁ@%%%l@degawh the

hydraul i c actuat or 82 and det ect wh ram 90 1s fully extended
and r & r adifedinpiResLibiABaPbuthendteRtsenkdr s 213keskd 188 i1G timted.-

associ at e imdltdrysbwsly ¢ atierat Ofie Sbraphtded £Cisamidr 1321 dmal2Zdted ul ly
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outputs, a test rovi M Cr opr ocessor

when % parn head gﬁs%‘a‘@ been &tastedv %ﬁ@)p¥8€e§§éfi dat [5'15’&53 pdrakesbritizct ed

to one Or more new components for testing, both hydraulic

cylinders 86 and 88 are reversed to retract the respective

rams, and the two pick-up heads will be retracted under the

action of return springs 78 and 80. When the outputs of

15 sensors 134 and 138 indicate that both pick-up heads are

retracted, motor 70 is again actuated in the reverse

direction to rotate the shaft 32 back through 180°,

returning the head 38 into the position illustrated in

Figure 1 above the conveyor, and the loaded head 42 into

20 position in alignment with the test rig. As the shaft

rotates back, so does the gear wheel 122, moving gear

member 124 back to the right as viewed in Figure 2 until it
contacts limit switch 128, again turning off motor 70.

The head 38 éarryinq tested components will then be

25 positioned above the conveyor with the components in

alignment with empty recesses from which head 42 has just

removed components. Hydraulic cylinder 86 is therefore
actuated to advance ram 90, and thus head 38, until the
components are engaged in the recesses. The vacuum

30 generator is then reversed, ejecting the components from
the suction cups. The cylinder 86 is reversed to retract
ram 90, and the now empty head 38 will be pulled up by
spring 78. The conveyor'belt is now incremented or indexed
to the next position, and the cylinder 86 is again actuated

35 to advance the ram 90 and head 38 to pick up one or more



the drivers of notor 70, hydraulic actuators 82 and 84, and 20 to vacuum

generators 144 for operating the vacuum cups on each pick-up head
according to stored programinstructions. On first set up of the
machi ne, both pick-up heads will be enpty and retracted. Assum ng that
the first pick- up head is initially positioned above the conveyor, as
in 25 Figure 1, inthe first position of the transfer head, the

conveyor will first be increnented or indexed via a drive 146 such as
a stepper notor or the like to a position in whi ch a boat 22 is

| ocated directly under the head 38, as viewed in Figures 3 and 5. The
hydraulic cylinder 86 will 30 then be actuated to advance ram 90 fromthe
retracted position illustrated Bn ‘Figure 1 into a fully extended
position in which it pushes the pICk up head shaft 46 and attached
head 38 downwardly into the advanced position illustrated in dotted
outline i me gEPePSNenEs ghfieht thenke! §5 9p agtughisRcRLsthe SHCEAOR of the

suction h Webl a@AkEE to the componer¥ [ agponedamgoal ignmetiravaless 25 on

each side of .t g, Jecesses e the .sens

out put 132“‘%%3%@%‘3#% "f%]efpl%?’héj 2"‘ﬁ'éad YPs ufntﬂ?rg]c}o%macect an ot
appropri atepwavgu#Bgenerator 144 i's 5 actuated to pICk up the allgned part
or parg¢s. The pigkau h o] r nts in
or _pars recesseghgg Rhe I'ﬁer&%gcﬁé:al R &Ss d&ﬁk% EheORsted WaGRIRANE

e under st oo each pick-up head may
have one, 9F\DCBF‘PHBPEtﬁe§Pst1&§s‘6%PétW vﬁ’t‘H"s‘lﬂ:t‘-}R)rT’ew CRRRANGRYS i ng” up

parts, andcbBeingpihne ndddavicidiad¥l ket hes apRLRPEiade BeassuBs gernss at or
or generatgrs deRandifd 9ive head 42 forwards into the testing
position, as illustrated in Figures 1 and 3. Once any
10 carried components have been tested, ram 92 will be
retracted, allowing head 42 to be pulled back by spring 80.
At this point the motor 70 is again actuated to rotate
shaft 32 back in the first direction, placing head 42 above
conveyor 18 and positioning head 38 facing test rig 16.
15 The process is then repeated to test the components on head
38, deposit tested components from head 42 back onto the
belt, and pick-up new components for testing.
This machine and process is a considerable improvement
over previous component testing arrangements in which a
20 single pick—-up head was used to transfer components from a
belt to a test rig and back to the belt. Since two pick-up
heads are in use simultaneously, new compohents can be
picked up while components are being tested, considerably
speeding up the test procedure. By mounting the pick-up
25 head drives on the rigid frame rather than on a moving
part, stability is improved ‘and the movement is much
smoother and more accurate.
Although a preferred embodiment of the invention has
been described above by way of example only, it will be
understood by those skilled in the field that modifications

may be made to the disclosed embodiment without departing

30

from the scope of the invention, which is defined by the
appended clalms.

35



how many parts are to be picked up at once. At this point, t he
-hydraulic cylinder 86 is reversed to retract the ram 90, and the

pi ck-up head 38 will be retracted upwardly under the action of return
spring 78. Once the pick-up 15 head is fully up, as determ ned by the
out put of sensor 134, the notor 70 is then actuated to rotate shaft 32
by 180 in a first directioninﬂ;&ghe second transfer head

position. As will be understood fromView ng Figures 1 and 4, this
wi |l have the effect of noving head 38 into the 20 position previously
occupi ed by head 42, facing the test Qéﬁlﬂéig 16, and si nmul taneously novi ng
head 42 into the position previ ously occupi ed by head 38, facing the

conveyor belt. gﬂﬂ; t Ll : r e d
nmove gjéér rr%rr%er ZSTEQ?O t e‘-:hige1’1fnté,a1 ﬁﬁlfiPglgf‘s(%%%f\ggts%vﬁ?’%qhg%%.agg
Act uatidn ofoEhht EFOT26 CRTYEY IhdTonttatt eftatlenr ncerprisingrpt or 70,
and then to actuat enditand i erbaes R andcl2ing abdvBll hargddyor for

Once th 70 is.turned of f, bydraul | 84 1 .b
aCt uat O 1 oCRODEBPERIGS REGM% tPbhak EEh oS e BIRSERE: At bephexid FyT

advanced posestadngi liltests dheoh ithdi cpitwsydr ; and 3. Ram 92 wi |l engage
al i gned_.shaft 46 | h : t..and pick-u ead 3
forvvardFy so that Pﬁé@hg@e{- ?‘aera‘rrli eas%%%n%&ﬁenfogg%ggg onen %lg%%gaodé t%ﬁ‘? t est

rig 16. framestfor) Pigking | upeibemg Enom thepde¥orandstragsteeridy
el ectrigal ikReRIMd YeI0é tBELCUMRPNEN Stes¥hbe vt ea%e B8 ning tested
- 12 items to the belt;

10 the transfer head assembly comprising a rotatable

drive shaft, a first pick-up head assembly mounted at one
12 end of the drive shaft and oriented at 45° to the drive
shaft, a second pick~up head assembly mounted at said one
14 end of the drive shaft and oriented 45° to the drive shaft
and perpendicular to the first pick-up head, and drive
16 means for rotating the drive shaft between a first position
in which the first pick-up head assembly is positioned
18 above the conveyor and the second pick-up head assembly is
positioned facing the test rig, and a second position in
which the first pick-up head assembly is facing the test

rig and the second pick-up head assembly is positioned
22 above the conveyor;

20

each pick-up head assembly including a pick-up head
means for picking up and holding an item to be tested and
ejecting a tested item onto the conveyor; and

24

26 pick-up head drive means for driving each pick-up head

means back and forth in each of said rotatable shaft
28 positions between extended and retracted positions in a

first direction perpendicular to said conveyor and at an

30 angle of 45° to said shaft and in a second direction

perpendicular to said first direction and to said test rig
32 and at an angle of 45° to said shaft;
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I s being advanced to the test rig, hydraulic cylinder 82 is al so
actuated to advance ram 90 to push shaft 48 and pi ck- up head 42
downwardly to the conveyor. Wen the output of sensor 136 i ndicates
that the pick-up head and carried part 5 is in position at the test rig,
atest is initiated. Si nul t aneously, when the output of sensor 132

I ndi cat es that the pick-up head is at the conveyor, the appropriate
vacuum generators are actuated to phgk up one or nore conmponents from

the aligned recesses. Wen the conponents 10 on head 38 have been tested
and the head 42 has picked u

n nore new co nents for testing,
both hydraulic whereby| r?d’éﬁs %%taofﬁ?jbg% zf?@qtevéfsé:oeqr%aq_‘ree yacfoFﬁé"e%
respexd i veback kads thbethnplsaldepfmﬁds and | sdomomat pastieédomsder the
action of rp. 8. & put.s 1 n§QL% 134 and
138 i ndi ca%ﬁ%f a%élga ﬁgék gp Hgﬁ aemgeekggnagg £ ggt:k ﬁ? at 8% tl gai n
act uaded mnehéfq&?\/e‘ﬁge be tﬁﬂf‘—éét ifgem othet aft@\t%eOIShaﬂt %JZleaéfl%rtSI#r ough

180[err], gosfa%w nbagnghsxheadea%bnbesaegoaos,btlaoritlehl ‘f%'i:r 2ld iy
Figure 1 above the conveyor, and the. loaded head ipto ozj&tlon in
al i gn@nt @t SRHE (YRSt it 1ﬂs Fﬁédsh%ﬁ‘f°nd p?%ﬁ%\’t%‘é' a?dk‘{ s t he

gear wheel eiﬂandmvtugrgearn the tentsd itkntarikcHe ddreveyightaras plawed in
Figure.2 unti | t act 1 ai p_t i ng Qf t or
700 0% UOb' ') nex e 26 The sl elendH® Bo) YU Hund®
poOSi t i onedP°§b§\?~@n:t Héllﬁﬁ@éﬁoﬁecw#hplpkeumbﬁﬁdném simud taneouglynnent

W th gBptY ohRefdiees thr Ttrhhphatepdad? dRe itsh to be MEIBEH GURAEADTS.
Hydraulic cylinder 86 Is therefore actuated to advance ram 90, and

t hus head S8PVEYE lt“ne‘5ald %‘&ﬁﬂnrﬁ?ﬁ%tl%‘?e 18n§x§eqdeth tq RPS FttoR ses .
The vacuusai@ Q‘Eéﬁl"c‘ﬁcﬁf testliag revesadd, epettimigt e csﬂbaneﬁﬁﬁsﬁrom

the sucti OBt orl el Uk dlad® o YIARS (Bd IRl seqm A0 e AN

the now e be pu conveyor
belt & nowqmmw m-ckndm(ed subsaqnemm m‘egm p'@umortesa'ml t b

cylinder 8&ditafald Ablda&bnp pddiadance the ram 90 and head 38 to pick

up one or nore

2. The apparatus as claimed in Claim 1, wherein the first
2 and second pick-up head assemblies comprise respective
first and second support members mounted on opposite sides
4 of said shaft, said pick-up head means comprising first and
second pick-up heads slidably mounted in said first and
6 second support members, respectively, for sliding movement
between said extended and retracted positions, and biassing

8 means for biassing said pick-up heads towards said
retracted positions.

3. The apparatus as claimed in Claim 1, wherein said
2 pick—-up head drive means comprise a first drive assembly
mounted on said frame facing said conveyor and aligned with
4 a pick-up head assembly in position above the conveyor, and
a second drive assembly mounted on said frame facing said
6 test rig and aligned with a pick-up head assembly in
position facing the test rig.



-13- new conponents fromthe belt. On actuation of the suction

cups to adhere to the conponents, the ram90 is retracted and t he head
38 will again be pulled up under the action of spring 78. 5

While the head 38 is depositing the tested conponent or conponents on
the belt and picking up new conponents for testing, the hydraulic
cylinder 88 will sinultaneously be actuated to drive head 42
forwards into the testing position, as illustrated in Figures 1 and
3. Once any 10 carried conponents have been tested, ram 92 wll
be retracted, allow ng head 42 to be pulled back by spring 80.

At this point the notor 70 i$ againeactuated to rotate shaft 32 back
in the first direction, placing head 42 above conveyor 18 and
positioning h 3 | e i s 15 T 0GES S} aen ated to
test the 4r(;'orrpglr?ligt?'lt %X%D%?ﬁgglf 'QL ég%,ljt%e%ogf‘t ?&%d%dosrr%%%g%tjg fgf%?n&head 42
back 2ont Eipet and gecondy@iyiyelasgenkly corpbnermprise Pedtydpulic

Thi's mck&,{lﬁiﬁ&érpr Q68SS rawm a KANSiKeFaid et | NBEOVEBRNt extendBEl PHEVI OUS
corrponent e

stipg.arrangepents in whjch a 20 si ngl e pick-up head was used
to tr“ansf’é‘?t’éﬁﬁﬁgﬂerﬁ%s Re °n agERetign, ‘?%stsa%idg gﬁ&’“ﬂé&ﬁ'to&’ﬁe bel t .
Si nce twof prek- dpive adumadslyarran nexisendingl aasaqual \iosv Doigpoandt s can

be ¢ PLgked Up, W Lie sQQPONENES FT ¢ 08T D9 LESERY S5 98" abl¥ona
) axis.
5. The apparatus as claimed in Claim 4, wherein each

2 pick—-up head assembly comprises first and second support
members mounted on opposite sides of said shaft, each
4 support member having a through bore, said pick-up head
means comprising first and second pick-up heads each having
6 a shaft extending slidably through the respective first and
second support member through bore, the first pick-up head
8 shaft being aligned with said first axis when said first
pick-up head is in said first position and said second
10 pick-up head shaft being aligned with said second axis when
said second pick-up head is in said first position, and
12 said rams comprising means for engaging said aligned shafts
to urge said pick-up heads into the extended positions when
14 said rams are moved into their extended positions. '

6. The apparatus as claimed in Claim 1, including limit
2 means for limiting the rotation of said drive shaft to a
predetermined angular rotation of 180° in opposite
4 directions for moving said pick-up heads back and forth
between said first and second positions.

7. A method of moving parts from a conveyor to a test rig

2 for testing and returning tested parts to the conveyor,
comprising the steps of:

UL



speeding up the test procedure. By nounting the pick-up 25 head dri ves

on the rigid frame rather than on a noving part, stability is

i nproved and the novenent s nuch snoot her and nore accurate.

Al t hough a preferred enbodi nrent of the invention has been descri bed
above by way of exanple only, it wll be 30 wunderstood by those skilled
in the field that nodifications may be made to the disclosed

enbodi ment w t hout departing fxom the scope of the invention, which
i s defined by the appended cl ai ns. 35
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rotating a rotatabfdANSrt carrdingArlik@tsleia appagagus for
transferring chips back and 2 forth froma conveyor to test statlon

conpri si ngeXck~up heads garhi AGLEPLRE FBraPo%%?}ﬁg°5b6§e ° It For 4
transportiagdi perpend o lizastited amel adpaneﬂtlatbeatﬂmq;ﬁ(p051tl¢msinng
items fro o e 6 —ynd n e r ot unt ed
on the n%§$§ﬂee?¥ ¥g?§tl écﬁpu t%%éafg%ﬁéoﬁfég ??éaﬁgéy?a% errlgPPD

them t® t handesher s@Bd RSN THP haask frersrni FRStesied itens to the
belt; 10 el elndaify aihd) 6Pt A6 SETER Yu S HBHd Simta af i péat @Dk&ction

10 to the conveyor to pick up at least one part to be tested;
retracting the first pick-up head and part;

12 rotating the rotatable shaft in the opposite direction

into a second position in which the second pick~up head is

positioned above the conveyor and the first pick-up head
faces the test rig;

14

16 incrementing the conveyor to position at least one

part on the conveyor below the second pick—-up head;
18 extending the second pick-up head in the first
direction to pick up the part;
20 retracting the second pick-up head and picked up part;
simultaneously with the extension and retraction of
22 the second pick-up head, extending the first pick-up head
in a second direction up to the test rig;

24 testing the or each carried part;
retracting the first pick-up head and tested part;
26 rotating the rotatable shaft back in the first

mentioned direction into the first position where the first

28 pick-up head is positioned above the conveyor and the
second pick-up head faces the test rig;

30 extending the first pick-up head to deposit tﬁe tested
part on the conveyor, incrementing the conveyor to position

32 a new part below the pick-up head, picking up the new part
and retracting the first pick-up head and picked up part;

34 simultaneously extending the second pick-up head to
the test rig, testing the part on the second pick-up head,

36 and retracting the second pick-up head and tested part;

rotating the rotatable shaft back to the second
38 position; and

* [+ L M S *



drive shaft, a first pick-up head assenbly nounted at one 12 end of the
drive shaft and oriented at 45[err] to the drive shaft, a second

pi ck-up head assenbly nmounted at said one 14 end of the drive shaft and
oriented 45[err] to the drive shaft and perpendicular to the first

pi ck-up head, and drive 16 neans fot8rotating the drive shaft between a
first position i n which the first pick-up head assenbly is positioned
18 above the cnapeymdn@ndthhe prOCREspI th- quheadpaspeany Fxom the

posi tjoned, Lﬂshgg e drf c}né'ﬂe Andia f{%mﬁtmgl ueh M&hawe

first plck- ssenb aC|n t he second

pi ck-up heﬁﬁs5§§eﬁﬁi}h%;ﬁﬁﬁﬁtﬁ%ﬁm%P??l abbver¥ ke E%ﬁ?e?%?“ tested. g5ch
pi ck-up head assenbly |nclud|ng a pick-up head 24 neans for plcklng up and
hol di ng an iten1to b ed and ectl a.tested it

conveyor: 8nd 28 ™ 2End § SH%&&P%N}I Qﬁﬁww FEP™AT VoS §§ﬁ7 |cf up
head 2 tresrl:arimcactaadh‘e@rtx heiag each ::ﬁttsmmg otestefle pahrdfst ©8 the

ositions xt r a Ltions in a first
p xe c%}&kﬁglgg?% €hé Q{:SpspB

di rection perpe Icular to conveyo at an 30 angle of 45 to said
shaft 4nd in a %ﬂ%ﬁrécﬂ?‘éﬁatablepeﬁl’tﬁ?ﬁl barkr andsdiaxth r betyeedction

and to sai (iltr%itt rdr#l 3% ecditl aterd aﬁaget%néﬂeeﬁé t potatdbibal khaft
ere? i d_r.ot at abl a% is . re eathI %ated 3%% back
and fofth SEERIATG S Eohr P RPNt L pbSPP] BREDS. =€ it FFPE! Pk
head bei ng the enieki-tp peaksupeing emstinted on opposite sides of the
8 shaft and oriented perpendicular to each other and at
angles of 45° to the shaft;
10 "~ the first pick-up head being aligned with at least one
part position on the conveyor belt and the second pick-up
12 head being aligned with a test rig in the first position of
the rotatable shaft, and the second pick-up head being
14 aligned with at least one part position on the conveyor
belt and the first pick-up head being aligned with a test
16 rig in the second position of the rotatable shaft;
when the shaft is in the first position, extending the
18 first pick-up head up to the conveyor belt and
simultaneously extending the second pick—-up head up to the
20 test rig;
depositing any tested parts on the first pick-up head
22 onto the belt, incrementing the belt, and picking up at
least one new part from the belt, and simultaneously
24 testing any parts on the second pick-up head;
retracting both the first and second pick-up heads and
26 rotating the shaft to the second position;
when the shaft is in the second position, extending
28 the second pick-up head to the conveyor belt and

simultaneously extending the second pick-up head to the
30 test rig;

A



36 one itemto be tested fromthe conveyor in said first posi ti on,
bei ng extended to position said itemfor testing 38 at said test rig in
said second position, and being extended to return the tested item
to the conveyor and pick 40 up a newitemto be tested on return to said
first position, while said second pick-up head is simultaneously 42
extended to pick up at least one itemto be tested fromthe conveyor
in said second position, is extendedig- position 44 said itemfor testing
at said test rig in said first position, and is extended to return the

tested itemto t : Y r [ 3 Lf:emt tested
on return tgggélgétg'glg’o%§9p%§|gg?‘gr#é&yg Sh qg{ég%ﬂgp él(r:d;at uds)p %%ac ai ned
in dadtn 1, onker &he tpelE r dncremepidngeddind petk. upile it @ssR¥bMPest
conprise regpaeti Vene neli rpidrgndosecaiyl Yaysid e MHiBHEd Qlhd

opposi si des of said,shaft, said pick-u ead. reans .c ri sing, first
and 5? seBOMY-PirORNS e’a°&§%§PFJdaB¥yP%6§ﬁt%'8 Fnhe R ipr]s(iq‘rnz;%%%a% ‘second
support nenbeds, respectively, for sliding novenent bet ween sai d

ext end and retr | §1.QRS ngd. bLass] _tor Fassi hg

sai d glgc k- up hé%}g%qﬁdg% g)s? %ﬂs glh% glp.geréég%:?%ﬁ‘%ﬁ% o'%é.hegag ﬁcg.

The appar at Fotadinmithed shRil Hanthe fHarss pagition2  pick-up head drive
means conprise a first drive assenbly nount ed on said frame facing

said converqr ang LigRem nr deo2 BUEGUR SRS BRSO TLL L LRSI LOT
faci ng 2ai d foxkh thestwadry aarmbratdygnedchnd tah tegt ckigitdaatk asksdabd§ the
position fa@&ﬂbé;ﬁ%}‘ﬁﬁmﬁfibing:
4 a mounting frame located above a conveyor and facing
a test rig;
6 a transfer head device rotatably mounted on the frame
for rotation back and forth about an axis of rotation
8 between first and second end positions;
a first pick-up head movably mounted on the transfer
10 head for movement back and forth between extended and
retracted positions, along a first axis;
12 a second pick-up head movably mounted on the transfer
head device for movement back and forth between extended
14 and retracted positions along a second axis perpendicular
to and offset from the first axis;

16 - the first and second axes being oriented at angles of
45° to the axis of rotation;

18 the first and second pick-up heads each having at
least one suction cup for picking up items from the

20 conveyor;

the first pick-up head being positioned above the

22 conveyor and the second pick-up head facing the test rig in
said first position of the transfer head, and the second

24 pick-up head being positioned above the conveyor and the

first pick-up head facing the test rig in said second
26 position of the transfer head;

Ty



-16- 4. The apparatus as claimed in Caim3, wherein said 2 first
and second drive assenbly each conprise a hydraulic cylinder and ram
for novenent between extended and 4 retracted positions on actuation of
said cylinder, the first drive assenbly ram extending along a first
axis and 6 the second drive assenbl y2mam extendi ng al ong a second
axi s. 5. The apparatus as clainmed in Caim4, wherein each 2

pi ck-up head asswyl@@%tsfsfw%taesén&eeeédtéyﬂgﬁé% headnsaéﬁrﬁnd
nmount ed on gtp 03|te sides of said shaft, each 8 port menber having a

t hr ouglR8or £ PoFeRenpthgafirst ﬁﬁ&n§388ﬁﬁrP§Fh 1PNEst and second
pi ck-up heads each hiwsBgh@drauihef ragxi=Alidineg stivakd ypidkowpghnéhe in

respect, f t e econd suppart . eenber, t hrough. bar the,first

pi ck- ut|c§mheac#lgés gt belélg a |gr¢ede°stlﬁ1§5|sd oy s& gxf‘ggv\/ﬁ:&] £ sardoPefst

pi ck- up heacplct*'rlmpsaﬁadf|1F<sttp95|¢¢rcmemnd tai pisdconpl itemsi ckrop kbad
shaft bei ng adhees: Wahd aabels&ece@@t@él atwﬂ\%nonto tRled PRSP Gfidip head

is in said first position, and 12, said onpri sing nmeans for engagi ng
said aligned shaf Se°°“?ohﬁfl‘g'€u§&FdrBF‘cElaﬁnﬁéaﬂétpnf“optlﬁ& Y@t BR@Ld 1n

posi t |h @ Whette 1ﬂlr$‘ala|hd amccmde Pyl o Cfdﬂ’lﬂrrlvﬁxigeﬁd\ed%ﬁ.@ﬁeﬁl paf&k-

6. The appay al aim1. includin t neans for
limting the Irg ?'%t %(S)nﬁgf ésH:ﬁ d 8F| verzlst‘iﬁa]fto i;a r(r]q Br é%%’f%r el &ﬁgc'&l ar
rotati ¢¥f of pe®ithopppbsthe test rig.

10. A transfer apparatus for transferring parts back and
2 forth between a conveyor and a test rig to one side of the
conveyor, comprising:
4 a mounting frame located above a conveyor and facing
a test rig;
6 a transfer head rotatably mounted on the frame;
drive means for rotating the transfer head about a
8 first axis back and forth between first and second
positions;
10 a first pick-up head movably mounted on the transfer
head for movement back and forth along a second axis
12 between extended and retracted positions;
a second pick-up head movably mounted on the transfer
14 head for movement back and forth along a third axis between
extended and retracted positions;
16 the second and third axes being offset from one
another and perpendicular, and the first axis extending at
18 an angle of 45° to the second and third axes;
one of the pick-up heads being positioned above the
conveyor and in said first position and facing the test rig
in said second position, and the other pick-up head facing
the test rig in said first position and positioned above
the conveyor in said second position; and

20

22

g



4 directions for noving said pick-up heads back and forth bet ween
said first and second positions. 7. A method of noving parts froma
conveyor to atest rig 2 for testing and returning tested parts to the
conveyor, conprising the steps of:

-17- 4 rotating a rotatable shaft carrying first and second

pi ck-up heads each oriented at an angle of 45[err] to the shaft 6 and

per pendi cul ar to one another into a firsgqposition in which the first
pi ck-up head is positioned above a conveyor 8 and the second pick-up head
faces a test rig; extending the first pick-up head in a first
direction 10 to the conveyor to pick up at | east one part to be tested,
retracting thepfickstupitclediplicad memnpafor dRiving saidtpiclhgup hkeads
rotatable shaft in the opposite direction into a second position in
whi ch t hebsswera pihsdrprdtaaried land pextended dredihionheteoptesdd and t he
first pick-up head faces the test rig; 16 . _increnmenting the
conveyor P8 sdsi misk-1r |haads obe the copyeven o Edh B oPr beeBRFE Re
second pi ck-up head; 18 extending .the second ,gick-u head ,|n
the firsParts of tdha SRPYYY Adpethengafhe opher pickryp, %??n§°tﬁée

second pi gk_yp Neaq and picked up Part; o ¢one poSiOEhi0SOUSLY Bt Dalhe
first and second positions.
11. A transfer apparatus for transferring parts back and
forth between a conveyor and a test rig to one side of the
conveyor, comprising:

a mounting frame;

a transfer head rotatably mounted on the frame;

drive means for rotating the transfer head about a first
axis back and forth between first and second'positions;

a first pick-up head movably mounted on the transfer head
for movement back and forth along a second axis between
extended and retracted positions;

a second pick-up head movably mounted on the transfer
head for movement back and forth along a third axis between
extended and retracted positions;

one of the pick-up heads being positioned facing the
conveyor in said first position and facing the test rig in
said second position, and the other pick-up head facing the
test rig in said first position and facing the conveyor in

said second position: and

pick-up head drive means for driving said pick-up heads

ey



22 the second pick-up head, extending the first pick-up head in a

second direction up to the test rig; 24 testing the or each carried
part; retracting the first pick-up head and tested part; 26
rotating the rotatable shaft back in the first ment i oned
direction into the first position where the first 28 pick-up head is
posi ti oned above the conveyor and the second pick-up head faces the
test rig; 30 extending the first-2@-ck-up head to deposit the tested
part on the conveyor, increnenting the conveyor to position 32 a new part
bel ow t he pick-up head, picking up the new part and retracting the
first pick-up head and picked up part; 34 si mul t aneousl y ext endi ng

t he secorRPifiesd uphdbadrebracted eand estendpd posiétingst ke patiendn oniee
second piCk'WP head, 36 and retracting the second pick-up head and tested
part; ©of the Pigkzip Readpeto,bhet gep¥eveRate Phgkkur: @ g@osddcond 38
position;_and repeating,the ocess to pick up parts
from t ke BT TR eIRT TPRVSHRE ﬁ‘éﬁdg?ﬁ/ﬁlef‘g {p'gFt gggﬁrt R&<ETHEr bRy ghe
tested at toLi il _all _parts_have been tested. . 8. . A net hod
of pi cki ntgé%'g l:)g tgéf o%lnpgl%%n?/eg}%#fé? azgefgsf’f’ﬁé%é?na ipegpch gfafhpe
returmlukgf§t§pr§@r;§%t$eé%§d poség?gxgyor, conprising the steps of: 4
aft or

rotating a rotatable s ack an h between first and second end

posi tionsjathe xotaiabler SbBbhrafusCalbkitldeibitl 380nageqndeRicils up heads
at its free end,
: described with reference to and as illustrated in the
accompanying drawings.
13. A method of picking up parts from a conveyor for testing

at a test rig substantially as hereinbefore described with

reference to and as illustrated in the accompanying drawings.

A



t he pi ck-up heads being nounted on opposite sides of the 8 shaft and
oriented perpendicular to each other and at angl es of 45[err] to the
shaft; 10 the first pick-up head being aligned with at | east one

part position on the conveyor belt and the second pick-up 12 head being
aligned with a test rig in the first position of t he rotatable shaft,
and the second pick-up head being 14 aligned with at | east one part
position on the conveyor belt and the first pick-up head being aligned
‘with atest 16 rig in the second position of the rotatable shaft;

when the shaft is in the first posijiqp, extending the 18 first pick-up

head up to the conveyor belt and si mul t aneousl y extendi ng the
second pick-up head up to the 20 test rig; depositing any tested
parts on the first pick-up head 22 éﬁﬁ&B&%& belt, incrementing the belt,

and pi ckin t ACI si.mul t aneousl y
d pi cki ndRANSHER APPARATIIS AND METHOD tFGR SIESTNG FAGILERY si nmul |
24 testing any garts Qn_t.he squ etracting both

nd pick- head;, .
the first and sBPoRPRHTAEYH F d@eghaé %%ﬁwﬁ%ﬁ&ﬁﬂ?t%% gﬂﬁ?? £69™hé& second
posi ti on; conveyor befidn tmwigipfthew to ahtestcond fogi ttiestingxt erdl ng 28

t he second,.pigks4ph t n nds i ol
ext endi ng fﬁgﬁggggﬁd%ciﬁpgﬁég% }égyﬁlgbq%%‘%eg]fnryhmﬁ DA

-19- shaftydsosretagednhackspad fanth detveen géﬁatpa@ﬁl FRIRY
positions. The shaft carries first and second pick-up
heads at its free end, which are oriented perpendicular to
one another and at angles of 45° to the shaft. In the
first position, the first pick-up head is aligned with a
conveyor while the second pick-up head is aligned with a
test rig, while the pick-up head positions are reversed in
the second position. First and second drive assemblies are
arranged to drive each of +the pick-up heads between
extended and retracted positions in each of the two
rotatable shaft positions. In each of the first and second
positions, one of the pick-up heads deposits a tested part
onto the conveyor and picks up a new part for testing while

the other pick-up head holds a part for testing at the test
rig. '
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in said second position, and the other pick-up head facing 22

rig in said first position and positioned above

second position; and

_pick-up head drive nmeans ‘for driving said pick-up heads
retracted and extended positions to extend one

conveyor to pick up or deposit parts on the conveyor and extend the other

pi ck-up head to the test rig to positgad a part in a test position in each
of said first and second positions. A transfer apparatus for
transferring parts back and

t he test

the conveyor in said
-21-

bet ween their

of the pick-up heads to the

fgeij_be meé capvey@s and a test rig to one
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3

a transfer head rotatably nmounted on the frane; drive neans for
rotating the transfer head about a first axis back and forth between first
and second positions; a first pick-up head novably nmounted on the
transfer head for novenent back and forth along a second axis between
extended and retracted positions; a second pick-up head novabl y
nmounted on the transfer head for novenent back and forth along a third
axi s between extended and retracted gogjtions; one of the pick-up
heads bei ng positioned facing the conveyor in said first position and
facing tihe test rig in| sarttéecond position, and the other pick-up head
facing t RePARIstTEST i said first position and facing the conveyor in

sai d secdntpreLgpp; and pi ck-up lhead drive neans for driving said
pi ck-up heads
J/st Z,l46
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- 22- between their retracted and extended positions to

conveyor and extend the other pick-up head to the test _ri

extend one of
the pick-up heads to the conveyor to pick up or deposit parts on the

“tC uoltl

part in a test position in each of the said first and qugmAGHHENT

12. A transfer apparatus substantially as hereinbefore

Ta

reference to and as illustrated in the acconpanying drawjn
nmet hod of picking up parts froma conveyor for testing jat
substantially as herei nbefore described with reference it
illustrated in the acconpanyi ng draw ngs.
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ABSTRACT

TRANSFER APPARATUS AND METHOD FOR TESTING FACILITY

An apparatus and method for picking up part

s from a

conveyor belt, moving them to a test rig for testing, and
returning tested parts to the belt, in which a rotatable
shaft is rotated back and forth between first and second

positions. The shaft carries first and second

pick-up

heads at its free end, which are oriented perpendicular to
one another and at angles of 45° to the shaft. In the
first position, the first pick-up head is aligned with a
conveyor while the second pick-up head is aligned with a
test rig, while the pick-up head positions are reversed in
the second position. First and second drive assemblies are
arranged to drive each of the pick-up heads between
extended and retracted positions in each of the two
rotatable shaft positions. In each of the first and second
positions, one of the pick-up heads deposits a tested part

onto the conveyor and picks up a new part for testing while

the other pick-up head holds a part for testing at the test
rig. '

(Fig. 1)



