| NVENTI ON r'el ates toa wor kpi ece mani pul ato for exanpl e robotics and

wor kpi ece mani pul.ators, and nore specrflcally rel ates to a nani pul at or
useful in applications wherein space limtations preclude use of
conventronal robotic mani pul ators, and especially useful for renovi

mol ded ;parts from a nol di ng machine and placing the parts at a work s gtdgrss
spaced fromthe nold. Automatic mani pul ator apparatus have been devel ope
for work operations such as wel ding, assenbly, the renoval and handling of
parts,. and 10 ot her types of repetitive work cycles. Some known
mani pul ators are progrannable and al |l ow t he mani pul at-or to be reused for

di fferent tasks requrrrng di fferent sequences of novenents through a
vari abl e work space r rammabl e, nulti-axis, automatic mani pul ator
assenbly shown in U'"EP roy SHALV AL °f2’795*‘?3%6'°5'&&?ﬁ% REUPYARLi pul at or havi ng
six axes of notion to provide flexrbrlrty in a sequence of novenents for
posi tioning a mani pul at of , (B t her
simlar articul at ed- arnr evrces hﬁggmgee oﬁ% ﬁ%g&%%%?%%ﬁkéﬁﬁﬁ§n exp 8ﬁs?€e
and conpl ex for son®xampleirekaticsrand weskpiess ynanirulgtops, radmeamfém"v relates
operat: ons, 20 | Hea ma‘:mbmdfcﬁwsewlnavvﬁspr.eﬁn@rse%&bms@aeqdﬁnaml pre@lude
control is sinply. over t he ite extr .
mani pul ati on devi ceéseéa&g‘%é‘ogﬁ&{ag mté&'c qmggﬂ?osr osede‘e?oﬁg@? ’é"gﬁggﬁentreﬂgvmg
3,947,208. ThBs devm@eidqué%drqu P medding Snachinenehd i plecingcthe neartsaedl @ weork
| i ke, and i ncl udes Statien kpaelifrgm ardmgRint ed on a translating and rotating
drive shaft noved by the opening of the nold. A cam nechani sm causes the
armto swing into the space between nold halves to grip the parts, and
thereafter to swing out Aptomwdicrersdnipvdatandapperdas ehavieebgrr develbpeth fgh wdrk

device is conparati Uﬁérbﬂr&\s@%ﬁ a@%ldnﬁ@@@?@dlyﬁi&he rEmbSqumaq'mndlmdj@ldbm; d
devi ce, not re rogra fers especi t he driawback t hat

't is unable {b extPHEr %rps%rqr} "?Péé‘r“l"ént“f ecrﬁ%st tamg Peip manipyators, Afie,
and di schar ge t he pprogranhmable aedridt & lomd ithes radnipailatoSue lbeo peusad ifon dliffierent tasks
frequently desirabl i i ng
the parts on a conviser g AP SeRRnkEs Sf Mg anii IAGoNBCRBRe Ui ot N9
injection nolding factories, plant |ayout requirenents sonetines

: One programmable, multi-axis, automatic manipulator assembly

fnprovenents inor relating to a workpi ece qanipulator. THE PRESENT \
g @

15 shown in U.S. Patent No. 4,275,986 comprises a manipulator having six axes
of motion to provide flexibility in a sequence of 'nove'nents for posmonmg Q
manipulator hand. Such a manipulator, as well as many other similar
articulated-arm devices, has been found to be too large, expensive, and
complex for some applications. For ‘many basic pick-and-place operations,

20 use of hydraulic power or precision encoder position control is simply

overengineering.

At the opbosite extreme of parts manipulation devices are apparatus

such as disclosed in U.S. Patent No. 3,947,208. This device is used in press

25 molding machines and the like, and includes an extracting arm mounted on a
translating and rotating drive shaft moved by the opening of the mold. A

cam mechanism causes the arm to swing into the space between mold halves

to grip the parts, and thereafter to swing out of the mc_rchine and release the

part. Alfhdugh the device is corrrparat'ively simple and inexpensive, it is a

30 dedicated device, not ' reprbgrammcble, and suffers especially from the
drawback that it is unable to extract a part, reorient the part to another



dictate that. nolding nmachi nes be pl aced relatlvely cl ose to one anot her,
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ntional multi-axis robotic nanipulator. Even t hough sma

[er and

10 lighter electrically driven nmangpulators having articulated joints
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There is alsq sel dom need for high pomered hydraullc actuat or mechani sns

In applications where space is at a premiurh, telescoping boom
manipulators such as shown in U.S. Patent No. 3, 9|6 701 have been
proposed. Thas Potent discloses an industrial robot, for grospmg, monhipu-

‘lating and movmg parts, that includes a telescopmg boom assembly mounted

25

30

35

for movemenf about two orthogonal axes and a part gripper mounted on the
forwardmoést end of the "relescooing boom assembly. The part gripper is
rotatably movable about a third axis which is substanﬁolly paralliel to the
longitudinal axis of the telescoping boom assembly. The gripper in this
Patent is rotated obout its axis by a fotary actua‘tor nﬁourited within the
forwordmos’r 1elescopxng boom element and includes an hydrauhcally
qcfuqted hneur-to-rotary converter.

One problem wffh the monipu!ofor of U.S. .Po.'reni' No. 3,916,701 and
other prior art parts mampulators is that they are frequenﬂy lorge and
heavy machines desngned for mdusfnal enVIronmenfs in which the handling
of articles thro_ugh precise: progrommed movements is required. For
removal of mold'ed'par'ts,:from an fnje’cﬂon molding machine, 'there'“ is seldom

»



since injection nolded pieces typically are small, and |ightwei ght when
conpared t0 conparably si-zed netal articles. Yet, flexibility in the (4
sequence and extent of novenent is a desirable feature of a mani pul ator
Accordingly, there is the need for a sinple, Lnexpensive, nanipul ator
havi ng novenent and sequence flexibility and Suitable for use in parts 10
extragfion from nol di ng machi nes. Such a mani pul ator: nust successfully -

enter the space beﬁw&rtﬁ}@cﬁmﬁ%b@ér%@rﬁ’ineaﬁﬁagxtgqn SR id e MBIdHRmBaKihe

retract the nol ded rts, .and t?l ace the Iparts a renote work station ?uch
as on a conveyor b@Mq respoving the grticledo a remote wark tgtien syqheos,p copyryor belt.
invention is at | eThéretis aldot sedddrm riete for alyhcpavered dydrivtid dsitidtopd reaharisrins

mani pul ators. The present j.nvent, QVi pl Ni. tQr,,
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base portion 20  esrdp@edpta siomparably usized tpetsd erdinlesar Yel,eBewbility irethers

extensi bl e and r et §pbRd ¢hdda8st 6F MBRThEMTs Rddesiribie; feGipé Bf BRAdNIpuldtok] I' St
end regi on of which is housed within said tel escoping nenbers and attached

to a said nenber, and a second, opposite, end region of which is attached
for spooling about cabl&cabrdinglysdhere drtbennded fong simples irkgpensiveamanipusatod
drum neans 25 I Q. ' ' f L i aSsal b JBRA 4N

ot her direction foﬁ"%"ﬁuﬁeﬁ‘g\&ﬁg‘?‘& g{ﬁ?}é%@ngg%éiﬁﬁgﬂﬁ?o%@gusqulé?ﬁgalrn?{ngg
“extend as sai &0 cabtEriadians frohinRiding nAoEinesst PYeh damaRipvigteramuet sussgssfully
W nds; and ‘Aﬁr Kpi eefteE RgA§iade bebaséh méuabl bﬂg\dlﬁesg:énmafr drasp tHe maidédiarsf or
.engaging wth a workpi .3 Sira , alhe. cabl ns ts t,0

i nner nost .one of s'é’li%g’c? ﬁﬁﬁ 5 d%%éf’sa%(f '3‘5& gﬁedp%rasi g?grrﬁqmgﬁ%w ﬁ'T f@viagisg&

i nner nost one of * sas eh @ gbnexer helitioetbe liker et ract said arm  Said cable
nmeans preferably conprises a hollow elongate semrigid tube having

sufficient compressive 35 . trength tq suppori said arm _said vvorkiece-
engagi ng neans, and a v&’ﬂﬂ” he ISR InYRITing is %aléﬂs*s i’B”éQ“rWitgeP[ﬁﬂ'V“s
ext ended. -4 - dsspeiefeairwieh peioh acli menipuldtortshe | nventi on.-provi des a

wor kpi ece mani pul ator especially suitable for engaging nolded articles in a

mol di ng machi ne -and for_renoving articles fromthe nol di ng nachi ne and
pl aci ng : The present invention provides a workpiece manipulator, comprising:

a base portion; an extensibie arm mounted at one end to said base portion
20 and comprising a plurality of tubular telescoping members extensible and
. retractable along a longitudinal axis; cable means, a first end region of
which is housed within said telescoping members and a¥ached to a said
member, and a second, opposite, end region of which is attached for spooling
about cable drum means; drum driving means for rotating said drum r_:neans
25 " in one direction for winding said cable means and in the other direction for
unwinding said cable means, and to cause said arm to extend as said cable
means unwinds and to retract as said cable means winds; and workpiece
engaging means mounted to an upper end of said arm for engaging with a
_ workpiece, '
30 _
Desirably, the cable means acts to push an innermost one of said
tubular members to extend said arm and pulls said innermost one of said
- tubular members to retract said arm. Said cable means prefei'qbly
comprises a hollow elongate semirigid tube having sufficient compressive
35 strength to support said arm, said workpiece engaging means, and a
workpiece engaged thereby, when said arm is fully extended.



themat a renmote |ocation, in which an extensible armnounted to a base 5

‘ion or slide box and conprising a plurality of coaxiat tubular

scopi ng nenbers extensible and retractabl e along a | ongitudinal axis is
adpted to be extended and retracted by neans of a cable or flexible hoIIow
tube, which may be supported internal4y by a second snuller diameter
flexi ble hollow tube, having conpressive strength sufficient to suppo[r\rhe
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of the tub I um A
mtor s pwgﬁfper‘“ﬁg? fer'-‘?f['ﬁt %“35“*’?%%! R R SRR h oRbRud T A
cabl e to r&wchipe defor ramaving prlic P%)ff'a’éf“ ftte rridiag unechine ped @lasing directi on
for unw nditiegn dhe eridte Tbeafin, amd:m&reaﬁrmenm@e PR raanﬁbartofdehéeer i ncl udes

a wor kpi ec e I n t he war nolded article
in tRe nol g ﬁﬂ,&aﬂ J?ﬁczeibr%?yc{l;[:ﬁg Fﬁ?'smr%tg@l% #ﬁé’“’g ﬁ) 0,!'53 FEEPIIL t ubul ar
nmenbers of Membery pxtensibleaand esfr@ée%lﬁgmrwromwdmzb axis igeasiapted, ta hus

el i mi nati nge ték@sdﬂéﬂdaﬁdofeﬁad’feﬁhﬁﬂhﬁﬁhé QfPd QédBl%t of eieﬁtule/%ns\ba&,ban bet ween
arm nmenber s, whi ch uldb F % for

Never t hel e¥Qich; ay, rﬁ Powt eSn sPP’e%l sgfﬁng S'B‘glf?rl %ﬂT"&fern‘ﬁﬁf'ﬁle cati on,
the invent hfdlpvnmgbebbﬂpnamwswetﬂhrwgth sufficient tasuppoentheram witen A

wri St SW Vele bfthMs ﬁin&amasheho The &Bfégfs ﬂa.séeefwhhﬁ %&5@1&(&' ¥ abl e about

a wilt ben@%ls V\/mch per pendi r to the longit axi s of the
arm mount s n‘g‘ hedh4p the ‘HBV&EﬂSE PeeHfett h for
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.nore suction cups selectlvely
oper abl e tEF*F‘PFdoF'Ie Sy A fos rateting dheodruaupn ribe ethengdirestiond ferenovi ng t he

arti gk es -agswindingeihe aables t bxteAd fmé ad‘hSCh:%rrghrﬂﬁulhh:f? foFfhef hﬂﬁude%sl rably, a

carriage a r. SUppor se of the 3 tor, is
" novabl e be?’gﬁ‘nﬁe%'?"gr %ng 05|Tgl5nnf% Hgaag"g con‘(ff"'ké’é?c[e m?g%@ %Pﬁﬁart from
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gui de bar or %38 fhiembers Hfadhe jEmnmm: e\M“t Feedengy tF‘F?js sl eeves or
bushizpgs t secdiongd dhush efitvirsatingntie hesd et weorechtristhi tes tPrevent sredaive

rotation between arm members which would be required for cylindrical arm

members.’ Neverthe!éSs, if arm rotation is desired for a particular appli-

- cation, the invention may be practised with cylindrical arm members.

25 A wrist swivel joint attached to the upper end of the arm and
pivotable about g wrist bend axis which is perpehdicular to the longitudinal
axis of the arm mounts a workpiece_-ehgdgihg assembly that is movable
therewith for engaging the molded article in the mold and for pivoting to
discharge the article. Preferably, the wbrkpiéce or article Is engaged by

30 ' one or more suction cups connected to a vqcu(:m source which is selectively

' operable to impart suction to the suction cup for engaging and removing fhe
articles and to release suction for discharging the ar'hcles.

Desirably, a carriage assembly, for supporting the base of the

35 -manipulator, is movable between a first position and a second position
spaced apart from the first position. Driving means, for example a
pneumatic cylinder, is provided for moving the base between the first

L)



p05|1|ons 5 The cable for extending and retracting the armis preferaptyna, « -
pliant.yet: semrigid holdow el ongate nylon tube further supported by #-
simlar but smaller dianeter nylon tube fitted coaxially within the |@

tube. In this case, the workpi ece manipul ati Lg assenbly at the end of e
armincludes a 10 fluid connector to which one of the hollow nyl on tubes
S cggnect ed. The spooled end of the nylon tube is attached to a second

flui d” connector onpdsiiforNaty e k'&tﬁé?%dj&t&ﬂé Qeéo‘ild%ﬁ‘i‘"oﬁ.ed'hb reafeﬂ'usgeawmeaf
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conveni ently provigggidddr ough the cable through the fluid connectors and
t hence to the suction cups. By using a hollow cable to provide thrust and
pulll to the &rmas well ‘as to deliver vacuumto the workpi ece- engagi hg

. assenbly, the present Zlhe cabilenfarnéxtemdifigaand rétedatingt the anseis pirefieedttipagplicat
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ol di ng machj ne 0 t oy, tS_Q i

o erents of e nflySEb&irol R i BGEIITIRE ioWONAAT Miks o chliRell.  9he
desirably. respon5|8Pe°led end of @lpﬁanvlng fd?e ishattanhed fO@rsepmd/ﬂmdr@nacpfekpnabel on

‘signal, which causgp &h@h@amrﬁxtmsureqs %9&.&@3 En’i‘iﬁé BleCAfEFRNErVnd an&x.nswl
the arminto the cavi | ves. Thereafter
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t hen retracts, e armal so retracts, carryin
‘the arm has conpl eﬁoiv% thrayghthe diyid Gponestors ad fhege gﬂaé@q fustiop &Rt of
retraction, the carriage can again be noved forward to nove the -6 -

art i cl'e engaged by the BY APLERLHSW LabR' 16 srbik Hrust Ghd BITB the InRORVGYPT

as to deliver vacuum to the workpiece-engaging assembly, the present
20 invention facilitates the use of rectangular arm section members and

eliminates the need for fluid-tight seals between arm members. Thus, the

invention affords significant advantages in reliability and economy.

A manipulator of the invention may further include a sequencing
25 mechanism or controller responsive to the cycles of a molding machine for
controiling the sequence of movements of the various elements of the
manipuldt_or. In particular, the sequencing controller is desirably responsive
to the opening of thé mold for providing an extraction signal, which causes
the arm extending and retracting elements to extend the arm into the cavity
30 between the mold halves. Thereafter, the sequencing controller causes the
carriage to move forwdrd, placing the suction cups upon the articles to be
removed, and so actuates the vacuum source that the suction cups positively
engage the articles. The carriage then retracts, and the arm also retracts,
- carrying the articles. "

35 | | | | o
When the arm has completely retrdc-ted, or has reached a desired
level of re'l'rqcﬁbn, the carriage can again be 'moved forward to move the



belt. When the carri age has reached its desired extent of nmovenent near the
Qpveyor belt, the wist swivel joint is caused to pivot, ~allow ng 't he’
kpl ece-engagi ng assenbly to pivot downwardly towards a hor.dzontal 5
FOsition, and the suction is then released thereby discharging the article
onto the conveyor belt. Thus, the i A%nti on al so ‘provides a nmethod of -

r enovi ng art icles froman article production machine using a mani pul at owd
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wor kpi ece- engagi ng device. forward towards the work station and rel easi ng
the article. 20 " - Accordingly, it is an object of certain enbodi nents
of the i nvent [ ilihmt,cbhqoﬂmntien alsoiprpvidesd nagtpod af wemavidg aetibled ffarn r enovi ng
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pl ur alth t y thef S*Pef e§ doigaering emw IatoRisyFle %Pcmeé%mr@meé meinfdndhgage an
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order to oper I's .anoth ect of I ment s o he Invention to
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mani pul at or whose armretracts and

20 . Accordmgly, it is an object of cerfqin embodiments of the invention
to provide an improved apparatus and method for removing articles from a
molding machine. - '

It is another object of embodiments of the invention to provide an
25  jmproved parts manipulator comprising a plurality of 'telescoping_ tubular
members which can extend to engage an article in a confined space dnd can

~ thereaf ter retract, carrying the article away from the confined space.

It is another object of certain embodiments of the i_ﬁvention to

30 provide a telescoping parts manipulator which is lightweight, compact, and

does not require complex and costly hydrm)lics or precision electrical
actuators or position encoders in order to operate. ' '

It is another object of embodiments of the invention to pfovide an

35 improved telescoping parts manipulator including an arm which is caused to
extend by the 'unwihding"o.f a flexible yet compressively semirigid cable

from a cable drurh, and which is caused to refract by winding 1hé cable onto



’exte_nds by means of a cable which is also capable of carrying fluids from .-
the base of the mani pul ator armto the workpi ece-engaging end of the 5
mani pul ator arm, In order that the invention may be nore readily - =)
‘under st ood, and so that further features t hereof nmay be appreci ated,

enbodi ments of the invention will now be described, by way of exarrpl e, wWth

r ef e{ence to the 10 acconpanyi ng drawi ngs, in V\/m ch: FIGURE | is a :

cutaway pictorial fﬂ@rd‘rgﬁaCtdnHelfv‘sedeGth& Bﬁb@ﬁ%@@nﬂﬁdﬁﬁéﬁ-@ omm.bpml,a%rwn d

the present invention; | GJRE 2 is arti al
cross-sectional wﬂSW'f’%l?Erf"'!i’F%‘f?& "lefﬁ?c?‘?'ﬂ% pgrts ’B‘?“"F‘ﬁgﬁ??é’% ey fetrasty gnd,
fragmentary si de wxtendsfbyamewts bbi aabfe whicht issalsos ebpater b carrgingrfiidds frepm
assenbly taken al i € 4ol rthdM t oY
FIGURE 4.is a par ?lﬂgl #gf%f Qﬁdgqag g'jsagg'fs%grh B‘%JT"WV‘? V\,g n&iq’%g;geﬂ?h% l'i ne
4-4 of Figur® 2; 2Zsanipulatorarmgi GURE 5 i s a parti al fragrrent ary
cross-sectional -view of a cable drumtaken along the line 5-5 of Fi gure 2;

FIGURE 6 is a side vi GW,M t},%bttﬁé ’?.?\Fén\‘%nsr%)s%?r't'ﬂg Eafiltp HBrERo] rﬂ)fy

engagi ng assenbly; rear view SC|ssor|ng asse

shown in Figure 6; *hﬂ durthers featugess thaspefi Mmayd begirprecietedh embodineents ef the
controller; 35 mvennonﬁbm&eldekeﬁﬁé@tb?swwef sk@nsle] #itBIreféreh€8TRY it an

article froma nol ccand%pl aci ng’ it on l?’ onveyor belt; -8 - FIGURE 10 is
a fragnent ar'9 f r orffC°UTE y(')'fg ABTHE P& hat i ve 4- cup wor kpi ece-engagi ng
assenbly; and FIGURE | | shows art| cI es being placed on a double conveyor

belt by 5 a mani pulRAGORENRAVS rzgcmemfl mr.wbmbeamemagwe 1RRSESPh
Figure 10. Referring, now.t which |i ke nuneral s indica e

li ke el ements thr 'ﬁdU‘E“'P %&;g{;%}"ﬁ "e'ﬁf‘ﬁ'are | shows a preféerred

enbodi - ment of a tel escoping parts nenipulator 10 constructed in.

accor dance wsth 10 tF'?GUREe}?%‘Ta foB \gi&H b&ftial PPé‘ssQ‘éEhéndW“évP%@énO&lo&{;’ the
|ncludes a base portl
line 2-2 of Fxgure I5

.FIGURE 3 is a fragmentary side view of a suction cup wrist swivel
workpiece-engaging assembly taken along the line 3-3 of Figure |, with
20 parts cut away;

. FIGURE 4 is a partial left side cross-sectional view taken along the
line 4-4 of Figure 2;

25 FIGURE 35 is a partial fragmentary cross-sectional view of a cable
drum taken along the line 5-5 of F igure 2;

'FIGURE 6 is a side view of an alternative scissoring 4-cup workpiece-
engaging assembly;

30 o o
FIGURE 7 is a rear view of the scissoring assembly shown in Figure 6;
FIGURE 8 is a schematic diagram of the sequencing controller;

35 ' FIGURE 9 illustrates the steps taken in removing an article from a

mold and placing it on a conveyor belt;



ide box 12, a section of which has been cut away in Figure | to show
i‘vnts housed therein. A bottom panel 13 of the base portion 12 rests
p)a base plate 14 and is adopted to slide .thereacross using a sljde box
| age assenbly 75 which will be described below .15 A tel escoping
extensible and retractable arm 15, t®mprising a plurality of tubular
coaxi al tel escoping sections or nenbers 20 21 22, 23, is attached to_ ke

- bottom panel 13 e box 12 b an ac 5 .and rod 26 which -
extends thr oughF!i:t'lIJ%ﬁe& Febf'ﬁ'ﬁ"'&?¥9'g§’?"§ F"?é‘ﬁﬁ@ﬁewt“’e 6”" The arm 15

ext ends upwarkpiycexangagingyasteroblys aed sl i de box 12 at a slight angle. :
Preferably, each of nmenbers 20 to 23 is alumnium as is the slide box 12
for |ight weight., Cuide sleeves 27, 28 (seen in Figure 4) of Teflon

(Regi stered TraBIGWREK) showsigeficles heing plored pryg mg@rqoavemréemx xed by
screws or uhtRaripldatdrhabving the pedupeistkpieceanladifig adsembiy efsEigptent.menbers to
25 facilitate sliding novenent of respective tel escoping nenbers and to
serve as an.extension stop by catching a flange affixed to the bottom of
the above adj acBeferringinow tothe drewings:| innwaich dikegumeralsjpdisate ke i s seen in

Figure 4. 3fements fhrouglﬁm Yhé sAr&IOoviEWS,UF Rure | 3hoWed kmre&ermm assenbl y
30 is nounted t pégend of .t

wor kpi ece- é’?f‘ﬁ'é %‘:QHE'P)P"E{} F‘Eg@ L%F?"%‘F"cﬁfgﬂ 8??°Eiﬂ5‘§e Mt 35 which

are alot achdbe atese:pipmyemmsorendbe eartarmetiprigtor el Chimcludes neiaserpartiomgr bar  33.
The bar 33$| anﬁda ts@cforP Bk ' wilikh ‘H”a&tﬂeﬁﬁ'éu\f WWF r@3" &) Sikdw st anchi ons

34, 35 whic |n turn unt ed ot a noveme about a
mount i ng bl® 'Y?‘B B‘f/s egfine %%P“B?‘Wﬁﬁ E;r[: éi‘f‘eﬁﬂ%’ P‘Pﬁ'i?ﬂg{kt FStH of
st anchi ons a&ih uB:E:sarpdhﬁehﬂl onding ndapted a6 ls1idé . théreacyussi nsing( blideckox86 i S

affixed tocf t e ‘bolts or the like. A double
actin pneumat b c cy 275 vﬂNfﬁg(':ltl gg?g%r %%aé’gs? Sel ectively delivered through
hosesl324, 24a oper at es t o cause the workpi ece-engagi ng 5 assenbly 30

~to pivot by means tefeseopifs kexténsitild ndi refraéiabdd Ostim als, asérapiistng n@d by shaft

37 T BTt Relia bk Hedbiiek bRl AP hRiotl bl i, 37, e

rack 40 en I Nl ONn reci at

st anchi ons 'Sﬂffaéwdamfh%@*ﬁ%mq‘ﬂlg|?!)I°6ékd‘890’t:b2 bpé‘ﬂm of (5“‘@@??%1%5 a

and a rod 26 which extends through a lower region of the lowermost member
20 20. The arm 15 extends upwardly and away from the slide box 12 at a slight
: angle. Preferably, each of members 20 to 23 is aluminium, as is the slide
box 12, for light weight. Guide sleeves 27, 28 (seen in anure 4) of Teflon
(Registered Trade Mark) or similar low=friction material are offixed by
screws or the like to the upper end of each of the telescoping members to
25 facilitate sliding movement of respective telescoping members and to serve
as an extension stop by catching a flange affixed to the bottom of the above
adjacent member. A typical flange 29 for the member 2! is seen in

Figure 4. ' ' |

30 _ Returning to Figure |, a workpiece-engaging assembly 30 is mounted
-to the end of the uppermost arm member 23. The workpiece-engaging
-assembly comprises a pair of suction cups 31, 32 which are attached at
opposite ends of an elongate horizontal ._mdonﬁng bar 33. The bar 33 is
mounted to a pair of vertically-extending parallel stanchions 34, 35 which

35 are in turn mounted for pivotable movement about 'a'modnﬁhg block 36 by "
way of a shaft 37 which extends through both of stanchions 34, 35 and the
mounting block 36. The mounting block 36 is affixed to the uppermost

£



Wi st swivel joint perpendicular to the longitudinal axis of the arm15, - =
and 10 - pivotable between a first, substantially vertical position and a” -
second, substantially horizontal position. It will also be appreciated o

“position ¢tontrol neans such as a servonechani smand encoders can be
enpl oyed at the end of the armto provide acdrate position control whe
reqyi red. 15 The wor kpi ece-engagi ng assenbly 30 is sized to fit
betwseh tie bars 44, 45 of a nol di ng machine 46. Alimt switch LSI,
actuated by the opwmibey 23fwithhboltso¢rdtheflikene nol di ng nachi ne 46, provides a

signal which is used to trigger operation.of the extension of arm 15 and

the renoval of nolded articles fromthe noldi hi ne by .the sucti.on cups
3. 32 of the 20 Ssples et et S ipgs PR Scdgare o ey oy
Figure 1, the nanidplivexedthrioogh inosesc?l, 2éaponesates 4n eavse bt wyrkpiece-engagingi ng

assenbly 50 d or eyx{@piy30aiadpivet ﬁ:ggﬁ%am b foek wcamd BehicH Flela'éoufTaﬁ axis

extending and retracgtin ssenbl v. conprises a 25 . rum, Sl :
supported on a sh&ﬁ'"%&ﬁ?%? 598. Thsurinteg .llr)'I 50&"‘3‘2"11’%& 18 %°‘F‘?f°fq.d?t"?1wr‘r‘§'umeed
to the bottom panethaft 37pfthe Iracle 4® @ngdding withothe pipjonniel.dilhgyill dre oppeedinted.
The cabl e drum 51 | ok 0 | I [ ts
to extend and ret rt l’éo?tmf[é‘ ﬁg&%bir%%f g&, %%/_g'?deil‘ga%ﬁnzwg ,@gﬁ‘?g@ g%%%g@g\?gnedghggga
hol | ow out er t ube WKist \gvivel doinb gerrendicuigr fotthe dongitudinal gxis of)thgarm 15, gndcy
gondugt1 S AS Ed)ui d BRioY@RE F&dweawr«ﬁirincestgagaﬂhmg mﬁemeysiﬁ&m hgeecaa&_ le
rum est seen.in. ki gures nd 5,. 0 0 ,
attached to a steﬁfRfamgf%'ng%gm\?vﬁqlc%o,s' ! n.til.lfl’ ‘r@?iqgsgg?eta rggqf%pg%gl%siﬁm
fitting 54 35 cantuol mdanssush asua servemechanismy find encslessedt be iIgmpdevesh o1
The cabl e 53 exit $hd B4 HOHhRI dieh 13l Sretide aclrafdiSbsiéh &R0l Rhetdieqaiteds hence

enters the tel escoping nenbers 20 to 23 of arm15. The cable is housed
within the -10 - telescoping nenbers and term nates w thin uppernost
nenber 23 ati5t he nount iThe werkpikce3éngagingnissembly Heiscsizasbtd fih bgtwesn| tie doesr |

the inner tube 4848f 4G GaRbRINSmaehing 44.U1 A FANMWAIGRLUSON c¥tabed? bhORR 42
extending fromthe myuntin blgckf %Gtolheb r 3 The, bar 33 is | | ow
forming fluid 5 °Pe"'1a%§§alg‘é\m) qf the JRAHINGRETHIRE AP RFOY sgmw%erfheﬁw 31,

32 and hose 42. Tiseds hafttiggdr seratiors o rhe textdnsioncalb biem diSuand theviremovalt ¢fe
housi ng bl ock 52 _%o?@ed Hrqlél'&eﬁ'oﬁl n\grrﬁOIqunaMenb} $he LUt dn CRBIEN $RLf R |

-between the
. 20 workpiece-engaging assembly 30.

Still referring to Figure |, the manipulator 10 further comprises an
extending and retracting assembly 50 for extending and retracting the
telescoping arm |5. The extending and retracting assembly 50 comprises a

25 cable drum 5! supported on a shaft 56 within a housing block 52 that is in

turn mounted to the bottom panel |3 of slide box |12 by bolting, welding, or

the like. The cable drum 51 is helically grboved for spooling a cable 53

~ which acts to extend and retract the arm 15. Preferably the cable 53 is

formed as a holiow outer tube 47 with a coaxial inner tube 48 (Figure 3)

30 “which conducts a fluid between the workpiece-engaging assembly 30 and the
cable drum 51.

As best seen in Figures 2, 4 and 5, one end of the cable 53 is attached

to a stemmed elbow 49 which, in. turn, is attached to a fluid fitting 54

35 mounted on an outer surface of a hub 55 of the drum 51. The cable 53 exits
the housing block 52 through an opening 10l and thence enters the
telescoping members 20 to 23 of arm |5. The cable is housed within the



stemmed el bow 49, the fluid fitting 54 and the hub 55. A fluid fitting 57
rovi ded at the end of shaft 56 and allows fluid comuni cation through a
(

hose 58 to a vacuum source. Thus, a vacuum nay be applied to the

tion cups 31, 32 through inner tube 48 The angle of the arm 15is

~adj ustabl e by neans of a rod 63 that .qpt.ends between a support 64, nounted
on the block 52, and a clevis 62 fixed to the arm15. As will be descri
more fully below, rod 63 can be caused to extend or retract to cause arm 15
t o pi vot abesléscopingrmémbBérs dnd eéredinates withiorupplermposivindmbep @deat fther

ext endi ng. ot Akl 38 WS 80 cdHAka M Lotk 1BRE! Bl Hbslud grluct i on

drive 70 whi uces 0 provide an
~ appropri at eﬂ@(f-‘%lﬂs|§§n‘5r'atféu'érf€9“’e'm"?jﬁ%f"?'b?”"@r9\7’1"?@Qr%fmgeffeﬁum%l The
reducti on deouRting bidusk BOHQF tHd baf S30DUNHecHart @3t RehbItdw FarAmgetlui3 of the

sllde box 12 anp e n or the uni ygrsal j oint
72 wi fh sheg?ssﬁé) rIVi9 n %%"lggtﬁ%e(\ﬁ'é\@i S&I‘rboﬁ‘ c%'ﬁa?{ 5?0??1 ho?e gct I on

- drive 70 toThhethhéﬁtW@@ svpponts thettablejdrym Spovithin the dousiag biasksiZopor t ed
for rotati ogishNineRides na E&ebwwrpbﬂanbuabadn&amm.c%onAsem%ahI fed above,

t he bottom panel acr ss t he base
plate 14 vi &em ‘Hl% i'&erk !iﬁ %ﬁﬂ?ithﬁ%ﬁ g’ @‘aﬂ}‘"id e ing géhsnl y 75
conpri ses apmmldeafatm engd pﬁ@tﬂfatﬁﬁcam&/hllmrﬂUBDcommURNZhnodhtcs'dhtQ) nmove the

slide pox 1goqalsigh & REcRAT Sourkal (Thusb‘su b&‘ébnﬁﬁﬁ? bebppligd! 16 the s@é’n&nct uat or

~rod 80U of the ppneypatic cylind Is affixed by a bolt, or the like, to
a support SEUPS\/é] gga?'ﬁ"’?uﬂﬁ'efé” 434\' ed to the base plate. 14. The outer

housi ng of cyli nder PN2 is connected to a cyli-nder nount 82 which is

rigidly affixed d t : ide 35
box 12. A pair gw ’ee rgfo\gﬁé qgm é%qs J&ﬁsﬁé@ %Wp'g'?&ﬁ efL%t %gdtﬁ ng I nder PN2
and nount ede’a‘le"%!?ﬂ"@?a % pURRIKh &f1 Eougted om szb ock52, and ghelewiss? pl ate 14,
ensur g t hat fikée 16 Ithél@rdors. 1 AsWrilll beTB¥RribBd #ndré Ifoilg Ibeldw, [Yod H3r &insbe he base

B g TG otied §o R 2 Boct B sl BB B R Bl g b6 T L 00 2O

pol ynmer material or any other suitable low-friction material, which are

mounted to the sAhdeﬂeaeae fdtorl MIVprolvides pw/éerfarr Qaéeﬁdhagt qﬁ&‘ﬂeﬁéétﬂ@ box is

n afirst or n .,and, a second or

1? glr\i/aﬁg gg\s{ﬁl | B 0M°?%'V\§ﬁ§°’°@fe'é%?%8'tﬁ'o°rsfe%“mﬁ°? Hg gét redysfSM8 ng now to

Fi gureo3, i speedyfbthegpetor tihtto phevide peappregrigte extiehsion rate and torque
for driving the cable drum 51. The reduction drive 70 and motor M| are
mounted to the bottom panel {3 of the slide box 12, for example by bolts,
welding, or the like. A universal joint 72 with shear pins drivingly connects
an output shaft of the reduction drive 70 to the shaft 56 of the cable drum.

25 . Shaft 56 is supported for rotation in housing 52 by bearing bushings 73, 74.

‘As mentioned above, the bottom panel 13 of the slide box 12 is
adapted to move across the base plate 14 via a slide box carriage assembly -
75. The carriage assembly 75 comprises a double acting pneumatic cylinder
30 PN2 mounted to move the slide box 12 along the base plate.” As best seen in
Figure 2, an actuator rod 80 of the pneumatic cylinder PN2 is affixed by a
bolt, or the like, to a support 81, which in turn is affixed to the base plate
14, The outer housing of cylinder PN2 is connected to a cylinder mount 82
which is rigidly affixed to a side wall or to the bottom panel 13 of the slide
35 box 12. A pair of guide rods 83, 83", arranged parallel to the cylinder PN2
and mounted at each end by supports, 84, 85, 84!, 85' to the base plate |4,
ensure that the slide box 12 will move in a straight line across the base



53 extends t hrough the uppernost tel escoping menber 23. The outer tu

47 termnates at and is-fixed to the nounting block 36 to conmuni cat

a bore 92 formed through the nounting bl ock_.“A_ connector 91, atop th _

“mounting bl ock 36, connects the bore 92 with the hose 42 which in turn is
connected to bar 33. The connection of cable 53 to the nounting bl ock 36

bears:.the thrust plte.pEdch Quide b 85383'0is sfidably Asediviedtihatile BUSRihss 84,187,15
connéctions of |n8§r8;§ube 48f' ‘-33‘72 42, gere Eljw dM'.I ht o enabl e v‘s{cuum
to be applied to Phed5umafeffc Registered d rade Mg i”tﬁ‘&)%f("ﬁ&pgmﬁﬁin
- Figure 3). The .shedaterdidl arxdromelthet avidable |lpwtfiricdiophmater&d pwhichoare mbdrited tohe
-20 nount i ng bl 1t i n] ' ' . 4 d
is rotatably -suppg‘r\erselglgbayfr ol'l telf “@ég’r%i %‘Bds&?%?é‘géﬁ{’ﬁ“?%ﬁﬁﬂéﬁé’g g?%efobrn))nl?%tgi ng
box 36. Pneudrati cPeiperm defirshgr fegryardposition; gad asegandipr forwaed pesitian op tehe
arm nmenber 23 by &iyosdhi&ited@positipaehstebétweenpunt i ng box 36. 25 ~The
rack 40 is fixed to an actuator rod 98 of pneumatic cylinder PN I|. Thus, as

shown in Figure 3, by actuating pneumatic cylinder PNl to retract rod 98,
as represented by arr diefenring new\tefligirech-it maydiespendbentiieyupper end obiostde t o

rotate, in the di s2ekieRdls HRBUGS PRE BFperhost ﬁ%z%%in% fhembaf W3POfild bfer SIBUN

at 30" in readine o.di scharggla vvorl{gﬁi ece. ferring to Fiqure 2, it
|

t a., . _ . g

may be seen Phat thiergupqtes g% aBg;is fixgd ¢4 dhe Rpuptiog dlesk 36rfe commumicote with ded
into the housing dlbosk9BZorhed tthough dhée rgourlingabldcik.h e Ceonnkedids 8D @itbp tthe
cable drum 51. Th | [ Lal | \ 0,acc te the .
width of the hel @3@“3'@02@5% %, ' P iR %Fe\gﬁ??ﬁm 1he pBe W 'gcg‘p'r"e%:“lrat'%d
that the cl ear anceonpesigddn banededbrescormestion of crable 83 tartbe muntivgdilogk B6 ock
52 isr 1:el atitvelylmaitthé ?hm%qt@urb%m eamlhesﬁ%\@féndﬂaﬁm?etﬁwoaﬁﬁllgngrhe t
ensure frictjional contact hetween, cabl e - s, an e .cable drumto
i ze tndbri kBRSNS Geadob 46 ghdReted7 Atk Fuin AR 1 So e esP e
arm or wi nds the eabppiedota dhe suttiorheumrdd ard doirtbs sdctiord cop Bbr(eot ishawn \in
illustrate the patgyaysof the cable 53 5 t hrough the opening 101 into
the arm 15. The hib 55 of the drum 51 includes a radial bore 102 which

opens into a mating radial bore in the shaft 56, and thence into an axi al
bore 103 provided in tlhe shdtt375@xteddsilaterallpdthrough a second bore within the

20 mounting block 36 with its ends fixed to stanchions 35 (and 34) and is
rotatably supported by roller bearings fixed to the ends of the mounting box
36. Pneumatic cylinder PNI is fixed in spaced parallel relation to the arm
“member 23 by bracket 93 adjacent the mounting box 36.

25 " The rack 40 is fixed to an actuator rod 98 of pneumatic cylinder PNI.
Thus, as shown in Figure 3, by actuating pneumatic cylinder PN to retract
rod 98, as represented by arrow 94, the workpiece-engaging assembly 30 is
caused to rotate, in the direction represented by arrow 25, to a new position
shown at 30’ in readiness to discharge a workpiece.

30
- Referring to Figure 2, it may be seen that the cable 53 exiting
the lower end of the arm |5 is guided into the housing block 52 via the
opening 10l and thence winds about the cable drum 5i. The opening 101 is
lateral ly widened to accommodate the width of the helical grooves of the
35 drum 5l. It will be appreciated that the clearance between the edges of

cable drum 51 and the housing block 52 is relatively small to contain the
cable 53 within the grooves and ensure frictional contact between the cable



seal the juncture between the shaft 56 and the drum51. It will be
@pre_ci ated that a vacuum source or other fluid supply provided on hose 58
~conmuni cates with cable 53 throggh the fluid fitting 57, axial bore
103, radial bore 102, fluid fitting 54f-and through stemred el bow 49 into
cable 53. As best shown in Figure 4, the rod 63 for controlling pivoting of

the 15 armJl5 ut. rod 26 has_ rear end ex Log t hrowgh
the rear wal™ %‘F' c?%?edgmnnﬁgo ﬂn!ﬂgﬁﬁg{)%g%?gﬁg%ﬁ? ﬁ\r'é’,gé%gﬁ"gr‘i'ﬁ 8En§j§§hg3 to abut
t he rear watdbleto extend the atrper windsithe cablentforgttsct theatmob 97 causes change

in the relative angle of arm 15. 20 - - Figures 6 and 7 illustrate an-

alternative workpi ece-en i ng assenply. 30a that conprises fo ction
cups 112 nount ed 'Yres %Fg@%f B'%Fﬁ &fﬁ"gﬁ?{g@?swgtﬁ n&?‘[‘*&%é ?%_Jiee‘??&&gs g with
four virkpimeasghlit openiag t iGdaintocthat amng lI5ar TheOhatn§5acfhdhe zbamalbl nount i ng
b 121 ' A i A i VOL . Oi Ny 1 1 ' 123
For sei seorrhiyded 8 todiaf baRSIaTWRILE bokhindo & ftind gt hork dn o' SHEL 19, 027,

c
vertical notatanddhenge imaaﬂaiqbﬁer%ul%agvi%%nefbpéboﬁo&-h@-ﬁom A8kt al bar-
121. Upon aghHahé Ofinefurd Nsétiideh CtHey khatdess RING. thdairtyar SEONtalwiopéat i ng bar
121 pivots or scis %S to. the position shoyn.at. 1?71' . 39 _ The
suction cup‘!?piﬂmc?gr F‘FE& UYR SN ‘Yo?'ﬁ'ﬁ’l' %‘ﬂﬁ‘fﬂp 4 PEeydeyan hose 38\ ot abl v
att ached t cconmaurficates ngith 2&ibley 5B Uthsough4thenfluiad Bidting 1375 axialt bere Q3en t he
sci ssoring ;mjdi¥are 102, ALK fitfisg Sﬂ,g@&ﬁﬂw'rw%l-f- F%n’ﬁ“&f 'e%vﬁﬂ@ﬁﬁ??b&ﬁll_ Inan

orientation ereln their sides remain par | 'to one anot e
combi nat i omdf sci ssor i ng of the horizontal nounting bar 121 and the 35
pi voting of the workpieces carried by the suction cups on the horizontal

nounting bar all | _ af,C e s L+ dtie
bars 4a. 45 of (Aol hRAR IR s G (ORI REBLRE BT R 11 ° 1
- di r é2t i onaret | At od 26.hasta treqded Irsorwasd end extendinadthravgh thecreann

a{ L ange- megél ?lflsmﬂs boRr12( em&g&b ﬁrargbtfhfedaea énf rddoss wvawpﬂﬂc._%arm:‘ ch

ot herwi se m gk ve reguif separ renpval operations. eref ore,

t he \/\orkpi'e‘ﬁé?gﬁggﬁisﬁ'ﬁ %?%éﬁ‘gwy\gffé" Baﬂﬁfﬁ"gggﬁr §“E‘eﬁlcl 902 (R i"P? zati on of
5 nor erebdtitehangdpat arrhdbween tie bars of a nol di ng machi ne for

pl acement of nolds. Ml ds can be positioned directly above the tie bars,

and the nolded _, L _ L .
20 Figures 6 and 7 illustrate an alternative workpiece-engaging assembly

30a that comprises four suction cups 12 mounted in a cruciform arrange-
ment suitable for' engaging with four workpieces 113. A 'ver_t'ical mounting
bar 120 and o horizontal mounting bar 121 are pivotably cross-mounted via a
pivot pin 122 to a housing 123 for scissoring movement. A pneumatic

25 cylinder PN3 is attached to the vertical mounting bar 120 and operatively
connected to- the horizontal bar 121. Upon actuation of pne_umaﬁc cylinder
PN3, the horizontal mounting bar 12| pivots or scissors to the position
shown at 121", A

30 . The suction cups 112 carried by the horizontal mounting bar 121 are
pivotably attached to the housing 123 by hubs | 24 and a belt 125 so that
uvpon the scissoring motion, ‘the articles engaged by the suction cups
nﬁai_ntain an orientation wherein their sides remain parallel to one another.

_ The combination of scissoring of the horizontal mouhting bar 12} and the

35 pivoting of the workpieces carried by the suction cups on the horizontal

| mounting bar allows maintenance of clearance between Workpiéces and tie
bars 44, 45 of the molding machine as the assembly 30a moves in the



mol d.” Furthernore, the workpi ece-engagi ng assenbly 30a may be adapted
mani pul ate any required nunber of workpieces. 10 In sone prior art nol
drticle renoval systens, the space vertic- ally above tie bars such as 44
and 45 was unusable for gravity-drop renoval- g/stens, and required

mani pulzators wi th greater degrees of freedom (and consequently nore
.conpléﬁlty in cost) in order to manoeuver the nolded 15 articles

‘i medi atel y above tdirection dfaarsowsd26.f ribrwitl alsa be appresiated thmtmspeh whearrange-
articles fromthe spageq vv%?@em\%nrmmfnantaa\sfesourlb@fksmeeﬂmtomw.@

wor kpi ece-engagi ng a own I.n Figure therefore

S
‘i nexpensi ve yet ef f@@?‘? \)@‘ép[ﬁﬂ“&fﬁg stYQ SeP "ﬁ@"qﬂil geeyoLipRs. | g‘%e’FF‘ISﬁa eve
tie bars. 20 Fi gur ewdrBpiebevwngaging asseehbdy (30a rshown dn\itiglnel & callowsgedilingion of

assenbl y 30b gim | | Ogs g-%a RSE rﬁgtVYee%Otlé *Bg)@oi’ anﬂl&Hg%cﬁcgﬂ!tfoP? cﬂ"QgFBPHf

.suction cups. ?Stanc rom

the nounting bl ock 8@lds-sitalds ¢ %W%ﬁ?%edl‘ﬁﬁ‘:ﬂ!@%ﬁé%i“? b§€ﬁ!tq"6rf‘h8d'ﬁ%‘d3‘i2
25 adj acent t he drtictes aindbe Gharipuldieli fonavoid atharie Bams. upbnt feveRalviisont Ithe d

connect or 150 at op rn&%nt#mhglnogg R sy Hecg-lé‘lﬁéqnﬁ%w%%%?ea B bedaapted

152 and thence to suction cups asse

effected in the sart® mwéﬂfea@ycresw%w%mfemsmﬁge% pneunatic cylinder
and rack and gjnion arrangement. 30 Figure 8 illustrates in schematic form
a sequenci ng nechanismqr controlle L conne tion ha .- .
mani pul ator of the i nveﬁ? IS8R PAI%RSE@‘P@@%J Jé‘g? reegv tﬁﬁ*g"}i’ sl?%sqocgv\xe[ryﬁ-
LSl provides an extalbrehaye tig baralsuchpos44 kad pevasngussble for grovidy-dedpsesnavall a
limt switch LS2 siggml, hatr e@ﬁnf@dsﬁ\am uic?ofsswfiHlérléafe‘?tJe@Féédof htee%rl'\l(ap@

under st ood t hat the extraction and trac |onf§ can

ne
various ot her nmeansSNFefyeRily ’E‘Uﬁt?%\" ﬂ’é’?ﬁf dR£op n?ﬂdﬁ" ’WP&‘BﬁY‘Wérb‘ 'W’Q?‘Her
limt swtch- g gnal articlesdtrimaediatielynaiave dhe dienbars away ﬁ-ém theotie bans tolremove -

devi ces of the. ol gl ngyaRG hdis e ?Hq%e‘ﬁﬁ.ﬁfiee e Yndlifio hARL. The ambBilkieat be"

130. Controller 130 may conprise di | C C|rcu ay
workplece-engagmg assembly Oa shown in Flgure 6 fherefore provides

drticles can be manipulated to avoid the tie bars upon renoval fromth@ -
}‘\‘.

an inexpensive yet effective apparatus for removing molded articles from
above tie bars. '
20 '

Figure 10 shows a second alternative workpiece-engaging assembly
30b similar to the assembly 30 shown in Figure | but having four suction
cups. Stanchions 34a and 35g extend bpwardly and downwardly from the
mounting block 36. Short hollow bars 154, 155 support suction cups 112

25 adjacent the lower ends of stanchions 34a and 35a. A three-way fluid
connector 150 atop mounting block 36 distributes a vacuum to bars 33, 154,
152 and thence to suction cups 112. Pivoting of the assembly 30b is
effected in the same manner as described above using a pneumahc cylinder
and rack and pinion arrangement.

Figure 8 illustrates in schematic form a sequencing mechanism or
controller usable in connection with a manipulator of the invention.
Although as described above a limit switch LS| provides an extraction signal
upon the opening of the mold halves and a limit switch LS2 signals that arm

35, 15 is fully retracted, it will be understood that the extraction and retraction |
signals can be obtained in various other means from the control devices for
molding machinery. Whether limit switch signals or other signals obtained '
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| ogic, delay relays, pneumatic control logic, or other simlar control
78 hods known to those skilled in the art. The controller 130 provides 5
S¥pnals on lines 131 to control the various notors and actuafors used in
e mani pul ator 10. In response to an. extraction si gnal, the control l er 130
actuates the nmotor M to drive the céble drumand thus to. extend the arm

15 into the 10 space between nold hal ves (after an appropriate del_.aysto

ensure that the nold has conpletely opened before the workpi ece-engagi ng

assenbl y eﬁirbmrm:ntdmédeﬁaesaobﬂtevmehlmdmadﬁhetymrbwsd, theherelingotdo of ext ensi on

of the arm, ' o 0 timer in
p&oﬁrgﬁ\%% é@HrQih re‘i'adJYnd}"e pﬁéécﬁ Sg%; Fodi@ Wik RftsOrelly

control ler 1 " runs e notor E‘?ﬂ iclent period of tine to
al | ow t he legic, e%r"lﬂﬂ”écé’"@ﬂ@& Fn§°'§§%‘e iG 95 piber cHmifor ired .
hei ght . Thaethodk ikhbwenl tonthbsee sikilllied vinl theuarter Thancbnitrollet ol 3@dprovidea timer for

lengl h extg, é]f}b'l?gn led' T8 158 eofifrof %r%us%%?s and &étggtgl-{uée.l&%%& w il al so

unde stan& servonechani smdrive m e provi not or ML,

t oget her vwnenHPgatsdd neans attached elther to the shaft of the cable drum’ -

or at other, suitable 20 points in the apparatus for. feedback control,

wher eby absol uye rgg'#‘ ?ﬁ &Oéutl:&hoga%‘%m? rese%qgghé‘rolr tcgcﬁu? ghh ext ensi on.

It is therefore w € SCO I nven Bstitute for

ti me del aymetopiMtkdo alnwatibequbb fryoi Wd)#“@dl‘?t exfend dbellopok! Ssintodhechani sm f or.

ext e|a|SI on épleeatbawﬁa?t ?ﬁld hatSesTbﬂfaom Iap.bdosﬁaﬂéeelahe dhsorel fiRS 'ﬁ'ﬁrt r gg g

S ghal s on | S (0] u |ece en ass an
Sha"a) T g el TR PRinsely SEher hettle 3PS AT B G, ST Rl

control | edthbyspecs betuiedn the waid tlives). Clhet degree bicestenpsibry oﬁﬂhe:armﬂésseq air to
pneumat i c x} wﬁﬁoﬁé& V?Wevﬁ such B c&nwnérrglf.rﬁérgﬂaém%aﬂsé?%3@ coil 4 of

a first .so en0| connects air fromalr means 132 to
t he pneuna“t"P'E SYrs dhermpter. MA E‘?Te@ks‘{fQFKPQ* @griod; of ﬂFB?/lfGeﬂ"Q"b thRabl e

di sczar ge Nrkﬁjebe-fehg@gmélesseﬁibi/)e%/lto aaathCtk idesieed Mbight.i ITHase ekivledt | onal
manner . I"e af‘t vﬁﬁ ﬁ%e?‘%}%&i ﬁ/o% tg ng?ﬂaw Hihef i%?' llen% egteREB i ded to

enabl e conPr neumati c c for

movi ng thé’%‘fﬁ"ﬂé"b@&f%ﬁ“\ihr% K\/\H’Pd@ffd'ﬂ“t ¢jgo Bﬁ@sﬁgr‘ét*bﬂ*lﬂ "and a
check val wervavrechénism dﬂwmdﬁdefﬁaav.dédsfdaahaer of 1, abdethéroNith RAcomrve V2 and

pneumat i c midans N d{?achngZeliher to the shaft of the cable drum or at other suitable
20 points in the apparatus for feedback control, whereby absolute position
control may be obtained for the length extension. it is therefore within the
scope of the present invention to substitute for time delay devices an
absolute position control feedback servomechanism for extension length
'control.
25 _

The controller 130 also provides control signals on lines {31 for
actuating the workpiece-engaging assembly 30.and the slide box -éarriage
assembly. Preferably the driving means are controlled by solenoid valves’
which control the supply of compressed air to pneumatic cylinders PNI and

30 PN2. A control signal drives a coil Cl of a first solenoid valve VI, which
. connects air from air supply means 132 to the pneumatic cylinder PNI. A
check valve CV! is provided to enable discharge of air from the valve Vi

and cylinder PN| in a conventional manner. -

35 | . A solenoid valve V2 having a coil C2 is provided to enable control of -
the supply of air to the pneumatic cylinder PN2, for moving the slide box
forwards and backwards on the base plate 14, and a check valve CV2 is

.



A sol enoi d val ve V3 having a coil C3 controls the provision of vacuum frgmy . .
a. vacuum seurce 133-.to suction cups 31, 32. 5 - The controller %%’“f
al so provides a signal designated "ARM RETRACTING' on a line 135 to the .
frol di ng machi ne control device, which serves as a safety signal to ensure
that the nmold does not close for a new nol di.ng cycle until the arm has
cleared_the nol ding machi ne. 10 Operation Figure 9 illustrates an
operdr]ng sequence utilized by a mani pul ator of the invention. As

illustrated at st emd\;:dé&&:rcmﬁmufg; off ait FomtHedvdige VR ahd prevfifatitcéulimdesPNR t
swtch LSI, provi d'p(‘gol% 3’%%"0& R&.@ 9%@11 ?f&{?f %resgmv %téfokéc%gallﬁ% 0

|n|t|atearem)val opera S owst ative
position of el enentquQSHU'Eciﬁ'p‘ICEt |38ﬁ°(§?°*!9ﬁ‘e‘=‘lpa§t|s ep of an operating
sequence wherein a nolded article 5 i's deposited on a conveyor belt 6 and

t he wor kpi ece- engagi ng e equently.returns fir st
substanti al | § verti cal %gél rglggﬁfﬁ 5]% \M%ro\('fc{egt ep s@""?h&“'?"“ﬁ% e&?%ﬂnds
‘until the workpiec r'i%jg% "a@nsedb'ley|W%fheemslﬁﬂ%msﬁueecwfmlqmml&

hal ves 140, 141 andemwstd Qﬂe .ag&a toSeridrel thaP FR&! mdld Rb&Xhd¥ Elbsd Porda eded
- article 5 contained t he Subse uentl shown at step C

pneunatic cyl i nder Pfyﬁl(?t“h °'d? 9% flgoredd §|m°3%'"883? hises o1 ward and

- causing the suction cup 31 to engage the nol ded article 5. In sone

appl i cations,I t he foyepsigh novenent of the slide box can acconpany the
extension of Whe a i ded that 30 obstacl es are avoi ded and
adequate contact is nade with the nolded article. Wen the suction cup has
engaged the article, su€iguse 9 Hll.qsfrot/ésdmdopaahhgtseqdwcﬂniﬁieeld bytd nhanp\aldtd:r

adhere to the suct| qggumve,ﬁgonste,ps stﬁr&g& qu sb'gg,é o;hme g;he

arm15 is retracteé’ Ide art I C dclearlngt
tie bar 45 of the rmcarn?g%ﬁ%wmﬂ; zmﬂ sitabolod)» providiag ap| exdrpciiopisignal to thes

cleared the l_&he barcoﬁﬁollémesmnbdhnmtm Pérﬁé\edtadbehﬂwnn {Step VA IMAidedtallg Ydisce
-{28 f'ogggl Si gng/: ¢ I,?léows the ET%\%T poqulon & elten%p\fs 5h B <>mple¥igrcti op ¥he Pasf gpe At $f%n 4 er
operating sequence wherein a molded article 5 is deposited on a conveyor
belt 6 and the workpiece-engaging assembly 30 subsequently returns to its
first or substantially vertical position).
20 '

As shown at step B, the arm |5 extends until the workpiece-engaging
assembly 30 enters the space between mold halves 140, 141 and a suction
cup 3! is positioned in proximity to a molded article 5 contained in the
mold.

25 .
Subsequently, as shown at step C, pneumatic cylinder PN2 is
- actuated, driving the slide box |2 forward and causing the suction cup 3l to
. engage the molded article 5. In some applications, the forward movement
of the slide box can accompany the extension of the qr'm,' provided that
30 -  obstacles are avoided and adequate contact is made with the molded article.
When the suction cup has engaged the article, suction is provided so that the

molded article will adhere to the suction cup.

At step D, prior to the closing of the mold, the arm 15 is retracted,

35 carrying the molded article 5 and clearing the tie bar 45 of the molding
machine 46. As soon as the molded article 5 has cleared the tie bar 45, the
molding machine can begin a new molding cycle. The signal "ARM



78| di ng machine that a new nolding cycle may be initiated. Also at step D,
8 slide box 12 is retracted fromits second or forward-position back
fards the first or rearward position. -It will be appreciated that in sone ;
5 - applications, the retraction of arm 15 and the retreatlng nmovenent of
the slide box -12 can occur sinultanedésly, provided that the
wor kpi ece- engagi ng assenbly 30 and any artlcles carrled t her eby cIear*&he
parts of the nol ding machi ne. 10 step the nol di ng machi ne

has cl osedRESRAGTINGS van ithen heipsevided: b the cm*ﬁvliq Hya s signal they | y

retr ﬁglt 6d3n9|9§itﬁd H.Bch.a@%dalcmw nﬂudmyeyaetm@fbet ihﬁxd’tﬁﬂk RIS &t gageml ng
asse y

I at a art cle,5 aon t he
conveyor bE®t S'Gd 3.’8" ' ref’“ﬁ{% fré'B‘ ihs fﬁcé’"nglqrd i) f?s'éé’aolﬁ ves
forward frmwdrdsthectirshar crepowirtiposition. t Hewilloberapriepiotéd thavi if spmeel ease of
the grti Clgpp'ir.caﬂaﬁs the reﬂexﬁx.@w la.e.lnt:ﬁancl ihél‘lé?ﬂ-@d?hr%‘?mmrﬁt&foﬁmet hat the

pivoting o pl ece- asse he nmovenment of the :
sl i de box %?%%ﬁ%&“"tﬁ?@“‘bﬂ leYI’tp"%"' ﬂ'ﬁ‘&?ﬁ? WOrkRieqesPRI9gE9y . provi ded
that the nadseiebiya3C ond enyGrticles &oﬂ'a!d thiepablyCtledrythdquensi dfetheuneldinghe conveyor
belt 6. After..the workpiece- engaging assenbly 30 has pivoted and pl aced

t he nol ded artlcle on the conveyor belt 6, suction is released and the

wor kpi ece- engagi ng assenbly pivoted upright as shown in step A so that.the

mani pail ator is Aeawp f,0thet M6IdIFY fhabtiif@ ihag cidded do HRYINCIHBtRer mMbidiNge

| |y _30b. 0 i |
e g RN 9SSR IS M AR TR v
belt. To iof ﬂvtw%elecﬁqggﬁgﬂg.@sembm@otmwﬂ’qu&rsnewsgfﬁ dhemeidedn in a

sequence sgidi@b ohfo fHalonbbydiPeftdd.€d in Figure 9. Belts 6a, 6b are parallel
and spaced 30 apart, -straddling the arm 15. Wien arm 15 retracts,

wor kpi eces 5 are sinultaneausly dlscharged onto belts 6a and 6b. 35 - 17
- CLAYMS 1. AAtvstdppF o thee slide bod $2 aggincooyesi forwgrd trotmathe rearwardn, an

ext ensi bl e %ﬁ%rgqy“ih%df?%apé‘w%t rS fhidadea3f ﬁer Lh%eaf‘dorﬁem' sing a
plurali ty 6f tubul ar 6. Tt Should be Dnderatood Shat he pivoting of The workpiseer © &1 0Nd 2
| ongi t udi nggnveyor be s! e unders at the pivo ngo kp

engaging assembly 30 and the movement of the slide box 12 towards the

conveyor belt 6 may occur simultaneously, provided that the molded article

20 is satisfactorily deposited upon the conveyor belt 6. After fhe workpiece~

engaging assembly 30 has pivoted and placed the molded article on the

conveyor' belt 6, suction is released and the workpiece-engaging assembly

pivoted upright as shown in step A so that the manipulator is ready for the

mold opening for a new cycle.

25
The alternative workpiece-engaging assembly 30b shown in Figure 10
is parﬁcularl_y_ suitable for operation in connection with a double conveyor
belt. To illustrate, Figure |l shows the final step of operation in a sequence
similar'to_ thqt i_lldsh_'utg_d inF igure 9. Belts 6a, 6b are parallel and spaced
30 apart, S_fraddling the arm 15. When arm 15 retracts, workpieces 5 are

simultaneously discharged onto belts éa and 6b.

35



¢ axi's; cable neans, a first end region of which is housed within said 2 -
tel escopi ng nmenbers and. attached to a said nenber, and a second, oppO 2 )”
end region of which is attached for .spooling about cable drum neans; N
<driving means for rotating said drum neans kn7ene direction for w nding
said cable neans and in the other direction for unw nding said cabl e neans,
and .to cause said armto extend as said cabl e neans unw nds and to retract
as M sai d .cabl@LABMSIs wi nds; and wor kpi ece engagi ng neans nounted to an
upper end of said armfor engaging with a workpiece. 2. A mani pul at or
according to claim 1, wherein the first end of said Ig:abl e jeans IS ibl
attached to an innkrnosd werkpisee meipylginn SPARERING: & Dosg portion, gn extensible
mani pul at or accor dirfg nicdnfddaaimone end 2o saldebase rpostionl apdiicbmprising® plurelity cof

push an innernost pne _of ... £ 1 [ r | s
sai d i nnernost onetug?loggf%g{mﬂ%’&#g% %ﬁ%ﬁ%@e@}%ﬁl&?% qgﬁn%ﬂé:gaﬁu&ﬂ{ﬂ
A mani pul at or accomdsingable @egnsn q, first oends regiony ef whigh isc heysed ywithin said
c onpr i ses a ol | OV\fterésea,gag PnerRBErs 'gecii difauhed oy saig rethbérg bRNa secumpy Gsite,
streng o Support said arm, sai, r ce_engagi means, an )

wor kpi ece engaged $YEEOIRN °%@Wgéﬁf’§%§$% F°§ ?ﬂf’ﬁ"ygg gg‘?"éncd’gge. dré%' g"e%gs.’ drump
mani pul at or accor dirixing seshaifon rhtafing séidrdrompednsi ingné idirectipn ferawindimgseidor

nmeans attached to i ' e or ' OflvinBing | sdid] cANETREYNS, 240N
with the inside of@ﬁﬁf‘%giﬁgﬁt rggigtﬁgg?ﬁgg?%‘atuﬂe,méec. n(c:i

I ] | ui
connect or neans atioagavse spid & do exiind e #aid FelliesmEmnE YV ipgg arf o rétract as
conmuni cat i offg Wi t hsaid€abi e shétis Windsfliafld Sekpieceathagitgi reearsf meurited tiallbe upperd
30 fluid driving neans, operativel. t 0 said cable drum neans
for providing a fl dg'ﬁfﬁ"b%'g? Igort%"ﬁgﬂéﬁq@g‘?(é%sogg%ﬁge'connect or means, said
tube, and said first connector neans to said workpi ece engagi ng neans. 35

11111111 111111 _:I-lﬂ;ll;l-légcjr;]l&qi&dﬂnor a&ording 18BSaRH! Bt Wherant el ifingt &y oF 3l S,
wherein said fluid driving means cgr‘rgrl Ses -a vacuur‘? so‘%lglfc?e wherein said
wor kpi ece engagi ngedoimmeant j,atigched 10 gp Imnexaostione & 39 BPUL P87 8 g agi ng

with a surfagge of a workpiece, and wherein said vacuum source is

sel ectively operabie tOAirna'ﬂélilaﬁH'C&écgfh’F\? 18 claim 3025 Whkre®l s&idabR means
engagi ng and renoving the workpi ece and ar [eln'e:a5| ng suction for, .
di schargi ng the V\mqtﬁitgcgy_sh an innermost one of said tubular members to extend said arm

and pulls said innermost one of said tubular members to retract said arm.

20 4, A manipulator according to claim 1, 2 or 3, wherein said cable means
'compr ises a hollow elongate semirigid tube having sufficient compressive
strength to support said arm, said workpiece engaging means, and a

workpiece engaged thereby, when said arm is fully extended.

25 S. A monipUl_ator according to claim 4, further comprising first fluid
~ connector means attached to said workpiece engaging means and in fluid
communication with the inside of said first end region of said tube; second

fluid connector means attached to said cable drum means and in fluid
communication with the inside of said second end region of said tube, and

30 fluid driving means operatively connected to said cable drum means for
providing a fluid flowpath through said second connector means, said tube,

and said first connector means to said workpiece engaging means.

35
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7. A mani pul ator according to any one of claims. | to 6, further

ppri.sing a wist swivel joint forned at the upper end of said arrhand 10
oy abl e about an axis perpendicular to said |ongitudinal axis of said

and first driving neans for pivotgng said workpi ece engagi ng neans and
d wrist swivel joint. 8. A mani pul ator according to claim7, wherein
sai d workpi ece engaging 15 - neans is nounted to said wist swvel joigh
and novabl est hernwﬁdbm@rofeawi@tdaemﬂg lpeie said f&u&idi-mngohﬁa& and for

di scharging_ the.wo ece in a sec iccor di ng
to claim?7 %W'se\ﬁlr?egg TR 3P fr%(iir ?%/.?n orfgi'ece mgﬁix r| s°£ a
pneunati c. cgﬂlsendréﬂecﬂ(bne sumlmmuglfloateomgmgzmm agurfoce b&lom@'kP&:e,r 9,

wher ei n T acknPRRer@ididid vEERAS siirte APSEIBL iV xsp&emaefat RibdrPseAidh fd T St
driving rreans for said wi,st sw vel andgjgl d wor kpi ece

[ vot
engaghng mes@id &l‘i"p MHﬂﬂ”ﬁLﬂ“&trSWé{E'@o"Pﬂl‘YﬂQ‘?'Sc%ﬁ eredeastgi s 1 to
10, furt hersmﬁmfm%m@m:gngﬂhgemrﬁnm for supporting said base portion,
sai d base portion being capabl e of nmoving between a first position and a
second position spaced apart fromsaid first position, and second driving
means for 36  Arowpniguieier dsearding e ey Reewetrclgimy It ite sé» Svrdberai d second

positions. dedmprisiry H&w.ﬁumwer JOIRE Bdreédd ot @h&luapén eh&ofvyaﬂf QA &d d

carri'age nea s at. | east . .one trac ald base -portion
o ol e RECtebeatad @ G ParehaBhln Jpriaiy RBeuudBE! R o dala €70 G
second dri vindgfil3§ drivingeraesnscfonpival ng smq)wequecerrgybtngdeeammdtseuﬂ for
driving saig:3asa.8 (% {gon between said first position and said second
position. 11111111 111171°111111111111111 13. A mani pul at or accordi ng
to any one of clainms 1 to 12, further conprising sequenci ng means

responsi ve 8.0 t hoenﬁy\q:luwoﬂfuceorﬁtﬂgdior@omdhWherefi:osmawk;si'e&ge@gtgmgt raction

S anals 2t InBEROR! SRUMAACH Wi b Yivh TR B TRARLAS RAELAK B Vel €

and cbnht neans resp V&' to ext Hacti © M or providing
an ext end- aﬁ"ﬂﬂ@?h@ﬁb‘? “@!‘kmeqei frse ftﬁfede'c“eﬂml ﬁ@’ddiﬁti:hﬁégldarfhﬂgmd‘nmﬂ"ng machi ne
cycle and & §Rbhdplandl M si gnal at a second predetermined tine during said
nol di ng machine cycle, and wherein said drumdriving means is responsive to

sai d extend arm'si gnal for extending
9. A manipulator according to-claim 7 or 8, wherein said first driving

20 means comprises a pneumatic cylinder.

0. A manipulator according to claim 7, 8 or 9, wherein rack and pinion
means are operatively connected to said first driving means for pwoﬂng said
wrist swivel joint and said workpiece engaging means.
25 '
Il. A manipulator according to any one of claims | to 0, further
comprising carriage means for supporting said base portion, said base
portion being capable of moving between g first position and a second
position spaced apart from said first position, and second driving means for
30 - moving said base portion between said first and said second poéi"ﬁohs.

12, A manipulator according fo claim i, wherein said cdi’ricgé 'means'
comprises at least one track bar, wherein said base portion is mounted fo
said track bar with supporting sleeves, and wherein said second driving

35 means comprises a pneumatic cylinder mounted for driving said base portion
between said first position and said second position.
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‘-_'said armto engage the workpiece, and is thereafter responsive to sard
retract-armsignal for retracting said armand the workpiece to rempys
wor kpi ece fromthe nolding machine. 14. A nmanpgpul ator substantiall
Tdescribed heréin with reference to, and as shown in, Figures | to 5 of t he
acconpanyi ng drawi ngs. 15 15. A nani pul at or accord| ng to claim 14,

nodi {ied substantiajdy as slesipoidbed ohedirair{dj Wb t gyt eﬁ@r&n@ﬁ:.ﬁ@ lai&»dlaﬁfshﬁw

=4 6 and 7_of th | at
accor ding To cl ai m TR BLIFB MR TR el ARCIIBERT parURB TR
reference to, and dor pinovidingran éxttnetise sighahied al predétet ined diroasianing mgmolding
drawings. 17. A MgLAGHnObp ér%‘i"ﬂé é}Qlé‘r&Hg%&ﬁrJ!rﬁ@b&”ré%ﬁ&#sﬁleet& GﬂuSiﬂrQé}:on

machi ne 25 usi ng.a mani ul at accor W{lg to _an one . reced |ng

clai ms, whi ch’net hcHianch dor creviding 8p egde 'E’F‘lﬁ%’éq‘l‘i‘fg“a rﬂ'ﬁd?*&f@n'“eé‘y ime
at a predeter- M nedbripgi 8t mbldindenazhirieaicycie apd | refroetramnt sighdl pr adl etorah
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4. A mahipulqtor substantially as described herein with reference to,
and as shown in, Figures | to 5 of the accompanying drawings.
15 - | |
15. A manipulator according to clafm I4, modified substantially as
described herein with reference to, and as shown in, Figures 6 and 7 of the

accompanying drawings. -

20 I6. A manipulator according to claim 14, modified substantially as
described herein with reference to, and as shown in, Figures 10 and 11 of the

accompanying drawings.

7. A method of removing articles from an article production machine

25 using a manipulator according to any one of the preceding claims, which
method includes the steps of triggering a mcnipdlctor cycle at a predeter-

~mined point in the operating cycle of an article production machine,

. extending the telescoping manipulator arm carrying the workpiece-engaging
device into a space between elements of the machine, moving the work-

30 piece-engaging device into engagémenf with an article in the machine,
removing the article by retracting the arm and the article, moving the
manipulafor arm and the article carried thereby towards a work station, and
pivoting the workpiece-engaging device forward towards the work station

_ and releosin_g the article.
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