31 MAR X004 | A SCREW PI CK- UP APPARATUS Field of the Invention The present
i nvention relates generally to screw pick-up and tighteni ngB 1! Mﬂﬁrﬁﬁ]@kﬂ ar,
the present invention relates to a screw pick-up tool or apparatus
Background I n manufacturing industries, different parts of a product under
manuf acture are often held together or fastened by nmeans of screws. The
parts to be fastened typically contain corresponding holes with screw
threads for receiving the screws, the kcrews also having reciprocating
screw threads. The screws are inserted into these screw holes and then

t hreadi ngly engaged. Wen the screws are tiﬂhtened the parts are held

together by these screws. ABSREWRICKUPAPRARATUSI ng screws, many

probl ems nmay occur. For exanple, if the screws are not inserted
perpendicularly into the screw holes, the screw threads on either or both
of the screw holes and screws may be damaged when the screws are tightened.
This i s because the screw threads on the screw nay cut the screw threads in
t he screWieldaifdb¢ Invendione- versa, in a process known as cross-threading,

t hereby causing the danmage. O her exanples of problens that nmay arise when

f ast eni ng-t hi ngs. usi screws relate to th I cking up of the. screws.
Screws may Be’ fltcll?g‘aur}g’b” ﬁeagﬁl‘iya@%asr?r%gllcgiu%rapﬁagﬂtea&%&nganﬁtl&gfar,t hat the
operat or th@preddrt thvéhtion fllatéd B RdwBick ) t861RWpparkiisa conventional tool for
pi cking up screws, magnetic neans or suction neans may be used. In relation

to conventional tools using the suction nmeans, one problemthat may arise
concerns the size and/or weight of the screw. Screws vary in type and

si zes. Such conventional tools, however, may not adequately enable the
operatorlﬁﬁkghﬁhﬁyp | arger and heavier 31 MAR 2004 2 screws. This is
because the Suction neans i s dependent on vacuuns in the

In manufacturing industries, different parts of a product under manufacture are often
held together or fastened by means of screws. The parts to be fastened typicaily
contain corresponding holes with screw threads for receiving the screws, the screws
also having reciprocating screw threads. The screws are inserted into these screw holes
and then threadingly engaged. When the screws are tightened, the parts are held

together by these screws.

While fastening things using screws, many problems may occur. For example, if the
screws are not inserted perpendicularly into the screw holes, the screw threads on either
or both of the screw holes and screws may be damaged when the screws are tightened.
This is because the screw threads on the screw may cut the screw threads in the screw
holes, or vice-versa, in a process known as cross-threading, thereby causing the

damage.

Other examples of problems that may arise when fastening things using screws relate to
the picking up of the screws. Screws may be picked up manually by an dperator, or
using a tool that the operator may also use for tightening the screws. In‘a conventional
tool for picking up screws, magnetic means or suction means may be used. In relation
to conventional tools using the suction means, one problem that may arise concerns the
size and/or weight of the screw. Screws vary in type and sizes. Such conventional

tools, however, may not adequately enable the operator to pick up larger and heavier



conventional tools, and the vacuuns are in turn produced by air renoval
devices that are attached to the conventional tools. If an air renoval

device is not powerful enough, the vacuum produced may not en@!eM&R %004.
operator to pick up larger and heavier screws. On the other hand, If the

air renoval device.ds provided wth increased power to enable the
conventional tools to pick up the Iarger2 and heavi er. screws, the effect

m ght be undesirable as screw release or drop-off operations may be harder
t o cont r ol screws. eFmais heshyse the sudhionendags sudtdeniehbesvarhumadmthe due to a fault
or inconsistency in the aj renoval device, a sgcrew bein | cked, up may be
dr opped bycqqygn%qr{agtﬂqgsd a'&‘i)ﬁ\‘?é’ﬁf‘i‘%%ﬁm IR ggp pradupedby %‘Tré‘ﬂn‘?‘%éﬁg‘f*}%ﬁsltb%it screw
may not beariabiketbd e tHelbohPbrtidhhal ©UIE IPRESr rdntbvaPidiée8 nb SR Ll
screw pi ck-up tool s that uti%ize magnet s f)? apSFy magngtfl)% ?Lg:%% an

att endant {eobrem preducédsmaypot ¢mmhie the opératot torpitkatp tamgarfantl heaviérf sepdwsof such

conventional .£o00lS .0on.nQn-austeniti netal. Austenitic netals, that .is,
met al s forﬁgaﬁe ?thFrglé"l“Q lgﬁ“es?Iﬁ{W(évé‘Lg%‘?‘éee’F pro(y'ugesdn UICFSR8R0RP VT (A ERAEE s or
magneti ¢ fitglcdfiventiBRA2oolk E@picﬁgﬁ\fﬁ@r&g&ll@}m hERAE sHRWRGMEREBATEh{RANS cannot

be used to pick up Austenitic sCrews. n sonme manufacturing rndustries, it
i s i npor t awndesigahle es sorew nelease os dewl-off openatiormsnay besharderts cohdesice, in such

manuf act ur i pdust.rj,es,. su onventi onal. t ool econe .ineffective as
scCrew pi ck‘?‘ﬂgmﬁﬁ‘é#g’.l%%\?gifsisﬁ&ﬁ] o ragyum ge %fa@ﬁiq incoRysieney indhe air
convent i ongindvaPdsvideS iBérawi iRald Sickddis Aty 66 ERPHEY ' he
magneti c means dol r?ot rr ovi deglg st algpl e_§¥1ol dﬁyﬁé}%ﬁ%ﬁﬁ%ﬁ%gﬁgﬁﬁﬁng&rem.

I n manual ®el clenpsecvenghesmalidsyarewimey nopbe pickedsp irofhér dtcanstanygi cal |y pi ck
up the screws manually before feeling and orienting the screw heads for
engagenenty W crew-driving tqol. The, operator using the screwdriving
t ool subs eI(ﬁl\ll}dgfr?p P@t% cfn\ygéxﬁqlﬁ SCfS‘?’rPéag“H H)togs tp?féﬁk}’izg [paensts Pgﬁ@{iﬁﬂl%ﬁat&m hol es.
For appar efi¢lds, eas68sdaa0plobldan R isinpbRant is@eliRfitdtion AR dREsFs@Rd the |ike
acuity attributes of the operator, the manual screw pick-up and tightening
oper at i onscaaventinghtoplsnpgoapastsnitia wetal. obhissendtic inetals; theg &, metwlefodined. Even

there ot 111tk et aFY SR P Bt et b s e iouneft oo - up
tools havenvaitiimaifoolsNRBRAHAEeES medns cannot be used to pick up Austenitic screws.
In some manufacturing industries, it is important to use stainless steel screws as
fasteners. Hence, in such manufacturing industries, such conventional tools become
ineffective as screw pick-up tools. Even in the case of non-Austenitic screws, such
conventional tools remain ineffective as screw pick-up tools since the magnetic means

do not provide a stable hold on the non-Austenitic screws.

In manual screw pick-up and tightening operations, operators typically pick up the
screws manually before feeling and orienting the screw heads for engagement with a
screw-driving tool. The operator using the screw-driving tool subsequently drives the
screws into the visually located screw holes. For appéent reasons contributed by the
dexterity, alertness, and the like acuity attributes of the operator, the manual screw
pick-up and tightening operations are highly susceptible to problems like cross
threading. Even with the use of the conventional pick-up tools mentioned in the

foregoing, there still exist manifold problems because these conventional pick-up tools

have inherent inadequacies.



.31 MAR 2004 In unique or special manufacturing conditions, stringent
requi rements for the screw tightening operations exist. For exanple, in
t he manuf acture of conputer hard disks, a stringent requirenment of |ow
particle count exists. This is because a conputer hard diﬁi i ﬁﬁgaggply
sensitive to foreign or extrinsic particées. These ‘particl 4 ﬂi&

damage to the conputer hard disk and therefore affect the yield of the

manuf act uri .process. Such _conputer products involve high-precision
oper ati ons @81@1’1‘{)”&“FH@‘%W@CW@?@@@H&SMH@MEauﬁ/mmémefdrehﬁiscréﬂhus even
a smal | partighgdrn tiohs RRist VEGUA etect able may_.cause a failure in
the conput erg_ har d di sk. ‘?’hgfrs‘éf%re, %eilﬂ'c%‘ﬁﬂﬁngﬁcuﬁﬁﬁﬁcwglﬂga}%@fi}§!§S,a
rej ected orstungentwequirenentrif haw phnivte draoesas OThiighedtcE] &ﬂn@ﬁ&t o4 Gisk
cont am nat'i?n'tr%@ to this §tr| ngent requirenent, the screwtightening
process in 't RETCENSPSUYGR 1oeieR @ saiinsisrpatinles. diheke pantinies magdatieonal | y
contri but e daghabB e fhe8ingh tds be certain industry
st andar ds. Anggher SLri %gte(aﬁ'? Qlided&%ﬂl %gﬁteﬁ%ﬁ?}og?gﬁ&ﬁ%q Heti@)tji}%@@{l $WUriBg one

that rel at @ogess.t $ush copguitempradnotseacoiof hizhGRERbE bphafishlhsk a?]@r%gﬁig ig

NUIMEr OUS SCI eWs a&goﬁﬁed ﬁlap thﬁ manuf acture of the conputer sk to
fasten the%%‘?ivrefnsen G G2 SHE fifad. pFagsren 2 smald partials) thatt i eotsdiseallypi ck up
t ool is sorete:BBE hi ok Lol ty..with t read/ wite head of
the hard disk. The s’lo?'ﬂ%%aﬁﬂggevﬁd@%igﬂ&i’%kg]%rﬂé&or%ﬂg{ﬁ MaNY, QOMPRAT/ wr i t e
head is patheiddislsmhgy beregictddumn the nia@RRhirhg it BseanseHeR h?%%ﬁwgl
screw pic%-utgrrﬁrga&los bsi ng magnets or applying nmagnetic Fie 0 pIck up
screws are R0 Pabfug i Biis SlEagent reqwitement e ssxew tighteningwradesd iethe
stringent hLRGURCERRERES t r,g: di manuf acturing i ndustry,

( c&fl?ﬁtgrehaﬁﬁ R c%ﬁnOQ%gglgﬂazﬁﬁbW%lge Hroth

conventional tools involving suction nea 4015188 of t en not
sui tabl e PpaticleswunFonyond aepdie industrpefanddtad, depends on unrel i abl e suction
means may i nadvertently rel ease or drop a screw due to the nonentary | oss

of vacuum ,lf.there i no Iossa’gf vacuum the air renovdl device due to
i nsuf fici eh pSm%P“ﬁﬁgs}r?FdFeﬁ’FBH en beld g5 mepngtashis wgh theieelates stthengt h to hol d

on to a screawvaiepesd ¥f a JdHhsut | Bl screw not bei

per pendi cul ar| Y al i gneda f orlﬁ} ér:i?e/arn? ?%E }Br?{:%m% Egmsﬁotué\ﬁfrﬁg’ﬁé?e @Fag‘%t}?hr eadi ng

may thus oBw¥aviagh: efthe computenhard disketo fas@i 118 pRad fidcd!t6 Forb e pk&igiceomput er
inevitably the screw pick up tool is sometimes brought into close proximity with the

read/write head of the hard disk. The slider head within the actuator am of the

read/write head is particularly sensitive to magnetic fields. Hence, conventional screw

pick-up tools using magnets or applying magnetic fields to pick up screws are not
suitable for use in such a context,

In view of the stringent requirements of the computer hard disk manufacturing industry,
conventional tools involving suction means and magnetic means are often not suitable
for use. For example, a tool that depends on unreliable suction means may
inadvertently release or drop a screw due to the momeﬁtary loss of vacuum. If there is
no loss of vacuum, the air removal device due to msufficient power may not produce a
strong enough vacuum strength to hold on to a screw properly. Thfs may result in the
screw not being perpendicularly aligned for insertion into the screw hole. Cross
threading may thus occur and this may introduce foreign particles into the computer
hard disk. On the other hand, a conventional tool using magnetic means may ﬂot be

used at all because of the inherent magnetic properties.



hard di sk. On the other hand, a conventional tool using magnetic nmeans may
not be wused at all because of the i nherent magnetic propertpﬁqwragmﬁ@fch
2004 4 Fromthe foregoing, there clearly exists a need for

apparatus that addresses or aneliorates at |east one of the problens.
SUMVARY I n accordance with an aspect of fhe invention, there is provided
an apparatus as clained in claim1l. For exanple, this aspect of the
invention is for use with a torque driver for enabling pick up of a screw

d fyeh . . I
and_engagemgyOleynhead alstlle saren Jhe.Aharalus, inclddeses, sl eeys:

capabl e ongltudlnal roma racting

appar at us. The agppaesves thartt keldnesclesdes aangﬂmertefsorat gleep?pl non¢ hef scr ew
head, the ar. hgper bflqg actuabl e by the sleeve wherein w dening and
cIOS|ng of t rlpper are dependent on extention and retraction of the

sl eeve. In accordance w th another aspect of the invention, there is

provi ded a gﬁhgﬁgugg claimed in claim13. For exanple, this aspect of the
invention i§ prcking up a screw and engagi ng the head of the screw

usi ng an apparatus that includes a sleeve, and a gripper. The nethod
i ncl udes the tep of extendlng and retracting the sleeve fromand into
t he appar at 48, % NGFel Y1thhéThetfRHChl €4 | Het udsyerhéonst éfsd® gt ppi ng

the screw hgadvbiedchHatdpptrbh@sgrdPperaimdd hithe1skpevie Wher etpRampdeni ng
and cIOS|ng of the gripper are dependent on extension and retraction of

the sl eeve. tPhsSackitefdnceini ¥e adoRet i185pets dion hEsEnverith ol, Epedee

driver for enabling pick up of a screw and engagement of
head of the screw. The apparatus includes a sleeve capable
of longitudinally extending from and retracting into the
apparatus. The apparatus further includes a gripper for
gripping the screw head, the gripper being actuable by the
sleeve wherein widening and closing of the gripper are

dependent on extention and retraction of the sleeve.

In accordance with aﬁother aspect of the invention, there
is provided a method as claimed in claim 13. For example,
this aspect of the invention is for picking up a screw and
engaging the head of the screw wusing an apparatus that
includes a sleeve, and a gripper. The method includes the
step of extending and retracting the sleeve from and into
the apparatus, respectively. The method also includes the
step of gripping the screw head by actuating the gripper
with the sleeve wherein widening and closing of the gripper

are dependent on extension and retraction of the sleeve.

In accordance with another aspect o©f the invention, there
is provided a tool as claimed in claim 26 . For example,
this aspect of the invention is couplable to a torque
driver for picking up a screw and engaging the head
of the screw. The tool includes means for gripping

the screw



is provided a tool as clainmed in claim2 6 For exanple, this aspect of the
invention is couplable to a torque driver for picking up a %qu%%h%gtl
engagi ng the head of the screw. The tool includes neans for "gripping the
screw 31 March 2004 4a head. The tool also includes neans for engaging the
screw head and neans for transmtting tgrque fromthe torque driver to the
engagi ng neans and for longitudinally extending and retracting the
engaging neans fromand into the tool, respectively. BRI EF DESCRI PTI ON OP
THE DRAW NGS Enbodi gents_of -the i nvention, are_descriped hereinafter_wth
fof erence ¢ BoCHE dr AengsoCtn S EhErs e BESE S £87 Frid=oEnhl e
illustrate acenewhprak-aupd openats ofionstrgramappangt tordrquactendandes W th
an enbodi nent__of the 'n.ventioné Figt. 2 is adiagramillustrati n(% ;tNEte
mechani cal &M ng Bpe¥afi on“f a- i pper 98t 5Fatat us Ehown Th
Figs. 1(a) tendihudFhgl1l3; i ex&<t1diSsgSetid onak réicagiedgn depd Ckndc g
operation for strajghtening a screw which has been _gfri ped by the

appar at us sHGARS - FPPs 2 HPtD &8) Fa8ly. BSPESSHIGH-Y evel ~ di agr am
illustrating the nodul es which include the apparatus shown in Figs. 1(a)
to 1(d), a screw feeder, a screw driver, and _a control unit, all of which
forma scr eRTHFEE URESSEhF P eREATER nPRANINES on or a

manuf acturing floor for perform ng screw pick-up and tightening
operations; and Figs. 5(a) and 5(b) illustrate the apparatus in Figs. 1(a)
to 1(d) coupl&¢dignenes screfdri ViEre shownVenFiLgn 4, #25f t hedggFewhsdk- up

and tight enh@g-quﬂﬂéfn%ith reference to the drawings, in which:



Det ai | ed Description To neet the need established in the foregoing, a tool

or apparatus that adequately picks up screws of varying types . apd si )
centers the screws, aligns the screws co-axially wth the t%)ﬂ &Aﬁm
perpendicularity with the screw holes, and bears no nmagnetic properties is
provi ded. A tool or apparatus, a nethods and a manufacturing system for
provi di ng screw pick-up and tightening operations are disclosed. In
particul ar,. a _screw pi.ck-up apparatus that _engages and grips the head of a
screw, andriger{®re 1éﬁdll%ﬁﬁ§r%%cr@\ﬁél$c%weﬁ@m usHIg HAPParaiis Ak a¢cordancax al

al i gnment Wtﬁ%&ﬁﬁo&ﬂ{%ﬁf@fﬂ?i&%ﬁti&?r ew fastening purposes is disclosed. In

the followmng description of severdl enbodi nents, nunerous details are
described in order to provide a-nore thorough description of these
enbodi mentBg. Fisadisgram itlustedting thembeliapical cénteritig dpeltatioappagepperton thae
skilled in the ar%, ho\/\%yer that the 6 31 MAR 2004 invention may be
practi ced #PERBEShewBIRFIEsSel@ toci@btails. In other instances, well known

details have not been described at |length so as not to obscure the

i nvent i on.gilhe; adyantageshaphi gﬂ?ﬂ& j ' NGOk mani f ol d.
One advanta1 e }Ss t&ﬁat at af’exg t on@@% ﬁ#{OB?%\%ﬂggl a s%??-éﬁgagi ng bit
f or engagiwigchhassen erippediby Serappataesdhovndt Rips. Hdytarifdge is that at | east -
one enbodi nent provides a self- centering gripper for |locating the axial

t f .. f .h t i t,hat at . .| t nbodi t
rovi des. d gt 5n figh 15+l el TS EHas i e vhieandiie fERPEaRg) cked up.
A yet furtdginagy E) f@}?td F(d},@fs{%é%\é fée&&?&s&@%tnﬁm[@ﬁ%&rﬁ%nﬂl%tgﬁ%P sel f-

al i gnnent surface co- axi a igning w e enbodi nent”a screw t hat
i s pi cked whiph foxmrsa sdréw pinktiesystalv anplamentabletonat pradudtion st a areuéchoitignent

provides for screw pick-up and tightening operations w thout using
magneti c f*ﬁ’%f?%tp P‘ﬁw‘“&ﬂcg‘?vﬁalcgt@l é’cggﬁﬁ‘i’g‘%‘fpeéatpéiﬁiﬁ“ﬂati on of the

f oregoi-ng advant ageous features, an enbodi nent of the invention is

therefore Ei?i?%gi)%n@fS(H)riHMQtfﬂté‘&eiﬁbé&iu@%ng@. R’h) ﬂoel'%é)tcdaﬁ}’ed tQhed COMmbi nation
of the manifold problens faced in screw fastening operations and due to

t he use ofsceviyat shomal indug.etyfpri thi scrpwipdek-sp anditightening aperatiorsuch an

enbodi nent is

Detailed Description

To meet the need established in the foregoing, a tool or apparatus that adequately picks
up screws of varying types and sizes, centers the screws, aligns the screws co-axially
with the tool for perpendicularity with the screw holes, and bears no magnetic

properties is provided.

A tool or apparatus, a method, and a manufacturing system for providing screw pick-up
and tightening operations are disclosed. In particular, a screw pick-up apparatus that
engages and grips the head of a screw, and centers and squares the screw head so that
there is co-axial alignment with the apparatus for screw fastening purposes is disclosed.
In the following description of several embodiments, numerous details are described in
order to provide a more thorough description of these embodiments. From the

disclosure herein, it will be apparent to one skilled in the art, however, that the



capabl e of providing an operator who is perform ng nmanual screw pick-up and
‘tightening operations with a solution to the problem of cross threading.
The foreign particle contam nation in conputer hard di sk _manuf act ur-i-ng

i ndustries can also be mnimzed with the use of the errbogi h&;p 4
Furthernore, with the provision of the gcrew height-referenci Qre,

- the enbodinent is easily adaptable for use in automated screw pick-up and

tightenin operatiaons. Eyen furthernore, the enbodipent is suitable for
i npl enent 391’ onmay ﬁ‘fté’regl’f‘é&‘&“ neke spsrficaletads i mptheidngtangeeswell nce

TeOnet | 6 RGBS A0 nbln NCribBEat BEE 86 B 514/BAARk b AVERLAY

operations. Figs. provi de ctoss sectional views 0
apparatus for perform ng screw pick-up and tightening operations in
accor danc elhwi adantagasaif ¢he gubaiients wé tite interttion ard mardfild .o rOnelddvampgaisat us f or

screw pi ck-up.and tightening operation herei pafter generally, known as
the appar ol %@ff, e RGP fe ﬁcfftﬁrgﬁglﬁs bt for PEBLPRRIGOSH % cont act
Wi th a scremwlii8d Q\ﬂ&ﬂ?er%ﬂ@a’iﬁ%qg}ia%'tﬁ%as‘t’bﬁé"@mt&%ﬂéﬁeﬁf@éﬁd@?&&é@nal vi ews of

the 31 MAR 2004 7 apparatus 100 are al so provi [ manner such that a
bit 102, aeslesegeripper,fonivdating the kxipbrent@®f asereshofurthér sdvanmgtéetharat118 i s

al so sho in the cross secti.onal, views. hausi,ng 110 encases, the bit 102,
sl eeve. \i\gﬁé";?%%erﬁﬁ?‘ﬁﬁ‘@t qggl_de%gatg{nef‘ggée@@ggmg B’reg‘lebg%‘éﬂf? spewyhatdsier with a
coaxi al cyisurdhinC LiThRh g : | referably
a har dene?lgkﬁgfu? \?\;L ﬁ\t a Sér’]rgag\é%rﬁ%{,%eg)f%a?lagfr%ﬁ:B%g&?ﬁ%&lgf??e Itml'%%.ga‘?ﬁlg gri pper
106 is pr elignmbhtsusfapafor(coleziaflyiafighing with the etrbbdiiieny e sarewdhat it piekébusi ng

110 is prefe lindrical. in shape. The bhjt 102, sleeve 104, gripper
106 and hd¥s i‘%%ﬁﬁﬁ%bﬁ‘g‘fa@%ﬂ%&ﬁﬁt_ fast %%M%%WQV@V& I feref@idndisenent -
of the housiighithfhs dpefuheaiBoddiemabineic Fefdser abl y encased by - a sleeve

housi ng 520. The sl'eeve housing 520 “se S as an internedi ary between the
sl eeve 104 and the housing 110 and provides protection for the sleeve 104.
The sl eevey prouklingyatdest dug drawombinatiineefithe fodegoing aivantagtdug fenitresiams not

‘;?L} ow t f‘f;n:'}bggﬁ%%{ﬁ Fe D iny R A BleretOre C%Qa?mesc') S Siding Solutoas MosibmPona 0 | S
or a combination of the manifold problems faced in screw fastening operations and due
to the use of conventional screw pick-up tools. In particular, such an embodiment is
capable of providing an operator who is performing manual screw pick-up and |
tightening operations with a solution to the problem of cross threading. The foreign
particle contamination in computer hard disk manufacturing industries can also be

minimized with the use of the embodiment.

¢ Furthermore, with the provision of the screw height-referencing feature, the
embodiment is easily adaptable for use in automated screw pick-up and tightening
operations. Even furthermore, the embodiment is suitable for implementation in
computer hard disk manufacturing industries since magnetic fields are not used for the

screw pick-up and tightening operations.

Figs. 1(a) to 1(d) provide cross sectional views of an apparatus for performing screw
pick-up and tightening operations in accordance with a preferred embodiment of the
invention. The apparatus for screw pick-up and tightening operations, hereinafter

generally known as the apparatus 100, is shown with the tip either in proximity or in

contact with a screw 108 in the cross sectional views. The cross sectional views of the



housi ng 520 using conventional fastening neans. The housing 110 and sl eeve

housi ng 520 are conponents of the apparatus 100 from or iiiom%ﬂ e bit
102 and sl eeve 104 extend or retract, respectively. The slseevg! ;

whet her extended or retracted, and the housing 110 protrude fromthe sl eeve
housing 510 longitudinally in the di reztio'n of the screw 108. The gri pper

106 is disposed between the ends of the housing 110 and sl eeve housing 520
whére the ug er sg&iaoe of the gripper 106 are adjacent the end of the

sl eeve houdPhitais 0% arg averryded inmannes suchghatiahit 102, pséaeve 004,aand af | ush

oper at i ons 2 Pe 8RBT it skt DFs BRBURME 5 R ik s PbEReRs s e

pi ck-up of the screw 108. The screw 108 has a screw head 112 and a

t hreaded bddyousibg. 110racasenthe bitehy slkeveyiasal gripee0d) CHSsiang fioae screw
head 112 sgézv\nbali S Cg{fn rally known as a "cheese head", where the screw head
112 r esenbPEeradly @ cylindervath a pozxial cylmdricabintnrnal savity, alsnieoranes the bit 10 ess

116 is typj f r 1ead . 112 To.drive the screw
108 into 'abgegérg%ﬁJ e, n? grs%égfe)wﬁé aﬁ%‘%b\e?f%@ﬁ W%mFgéher%ﬁe@’sgogngh? HRRTGh t he
shaped ti pl@6 istpefetbly 4 2%-like giifyifig park &ithFingwrsOridhd Hotig $10isThere are
several ty %%K%)rid sga es. of recesses, one of which is a straight groove
recess 8 38T ¥ Gyundiva! Bribepr rLhe bitd 02y sleqvei 104, grinwes 10G\andihedsing Byanpl e i s

a star-sha ngrHEP nown also as a "torx-plus" recess. To

suppl y the%%%@vﬁ%%tef r ?ﬁééﬁgg}rfew pi ck-up and tightening operations in a
manner so _that the apparatus 100 easily picks up the screw 108, the feeder
118 is pr oWithénitheFineasementiafithd husimg] G e steee@ D4 § dldtt SreMpabIN ehdiRed By eaded
body 114 of the screwq:lzg&ljgs di sposed. The feeder, 118 al so 1 ncludes an
upwar d f act H§eGHANENG 520p THA slepyechousie 528 servennoan infesmediasnbetwaen the2 r est s.

The openi ngedy f der ' : y DI ller th e
ci rcunfer enge.egfoqtaﬁg@geclﬁ%v ele%g %%?L?%%elgéj ?@lﬁ(géne@ ees?egiv?égﬁn]\f EE%F}E%VC of the
screw headhausing @ 0ffoiowsite sidede 104 sotitionally bet doee et folid® thetorafu@asy Screw

i ck- up operatiqgn. . Fi 1 sho the relative positions of the apparatus
EOO, thg Slglpgwlﬁrgggf tgﬁglepﬁ%?aé e housing 110 is preferabpl)y fastened to the sleeve PP

housing 520 using conventional fastening means.

The housing 110 and sleeve housing 520 are components of the apparatus 100 from or
into which the bit 102 and sleeve 104 extend or retract, respectively. The sleeve 104,
whether extended or refracted, and the housing 110 protrude from the sleeve housing
510 longitudinally in the direction of the screw 108. The gripper 106 is disposed
between the ends of the housing 110 and sleeve housing 520 where the upper surfaces

p of the gripper 106 are adjacent the end of the sleeve housing 520 and the lower surfaces
of the gripper 106 are flush with the end of the housing 110.

In the screw pick-up and tightening operations, the screw 108 is typically supplied in a
manner that eases the pick-up of the screw 108. The screw 108 has a screw head 112
and a threaded body 114. There are several types of screw heads and the screw head
112 shown is generally known as a “cheese head”, where the screw head 112 resembles
a flat circular disk of a substantial thickness. A recess 116 is typically found on top of
the screw head 112.  To drive the screw 108 into a screw hole, torque is provided to
‘the recess 116 through the shaped tip of the bit 102 or other like screw driving tools.

There are several types and shapes of recesses, one of which is a straight groove recess



feeder 118. For ease of description, the feeder 118 is taken as a
reference. Therefore, any novenent or direction described hereinafter using
arrows is made with reference to the feeder 118. Al so, reference is drawn
froma reference axis 120 that is congruent wth the |ongitudinal s of
the bit 102 and the screw 108. The reference axis 120 is d bdddd t
with the | ongitudi nal axes of the sleeve 104 and the housing 110. In Fig.

1(a) it is sho t.hat the sleeve 104 is |lowered, the bjt 102 is raised, and
the apparBf dBetpgos # §T4l CoT- t"hé"’é‘é’f ot alsﬁf,'sril‘éﬂﬁij FH@S@PFW?Y 106 is
closed. The wARRR LA Sedels @ " Pre-engagenent” state in this case. As
shown in the cross-sectional viewin Fig. 1(a), portions of the cl osed

gripper 106 on both sides of the reference axis 120 contain chanfered
sur f aces. Theapplychasdrer @08 faithé sarew packeur amt tighteniag dperatiensip pemanner foaces of

Scr e honahat B appREE IR FEH BUPEN Y g ecrot e dhtay H EmoBr 56 orm
“stop” surtaeesid fPlElugE\} @Ed@i@iiﬂglﬁryﬂg%g{e%&gdmdg 12 dtithd {few 98 RPEr 106.

These stop surfaces face | nwar t owar refefrence axis 120, and
are al so plispakdde| Theifeddet hER aled archniee amxpwartiXacing lopengng fipen wiiéh twer r ounds

the bit 102 and _ the sleeve 104, preferably.in_th oxjmty .of the shaped
tip of thdOHPE ofdhe serey ??é“tlijzd'eﬁff- HaPERENR 06 Tele ] LSRRI our f aces
on the grisApAL: AR FchRfdbRIRIREOXE h¥ad?D. THAS Aadbfs tid Liftubatleaspondi ng
chanf ered Ssur races or? tcﬁg Iomeregﬁsgf%eeve a104. These AglsNAng%%%g ceﬁarnc ered
surfaces af¢hedosrvehendd 1816 prpumidy sfdeviapgfroindhée fepd el f8afor awtasylserescpiekv head
112. An annul ar ring 124 extends fromthe chanfered surfaces on the sleeve

104 and fBAPETAIAR [ip of the sleeve 104. Springs are | ocated between
portions of the housing 110 and portions of the gripper 106 on both sides

of the refmg aNHEhaws the réfatil € iti&nsﬂﬁftﬁél%aﬂimwt@%}ewr 22nd fhehoused in a

notch or groove formed in the gripper 5. The end of each’spring 122
opposi t e tikdder 1pbrkdreasd of deagipadthededder 1 1Sisdakenl aswakferafcet Bberefws,i ng 110.

Each spring 122, normal.ly. extended is conpressed as shown.in.Fig. 1(a).
Ther ef or o A8 TR lebiretrorRbr e fiT e S0 EEES WOHEBTERGLS b nses
the correspoReadd 1800 Refbendd R AP R8M 2{3ferkRWaKIS120 that is congruent

with the longitudinal axes of the bit 102 and the screw 108. The reference axis 120 is

also congruent with the longitudinal axes of the sleeve 104 and the housing 110.

In Fig. 1(a) it is shown that the sleeve 104 is lowered, the bit 102 is raised, and the
apparatus 100 is clear of the screw head 112, and the gripper 106 is closed. The

apparatus 100 is in a “pre-engagement” state in this case.

As shown in the cross-sectional view in Fig. 1(a), portions of the closed gripper 1. 06 on
both sides of the reference axis 120 contain chamfered surfaces. These chamfered
surfaces are contiguous to the upper surfaces of the gripper 106 and are obliquely
facing away from the top surface of the screw head 112. The chamfered surfaces
subsequently level off to form “stop” surfaces for determining the closed position of the
gripper 106. These stop surfaces face inwardly and toward the reference axis 120, and
are also parallel with the reference axis 120. The gripper 106 surrounds the bit 102 and
the sleeve 104, preferably in the proximity of the shaped tip of the bit 102 and the tip of
the sleeve 104. The chamfered surfaces on the gripper 106 are in close proximity and

parallel with corresponding chamfered surfaces on the lowered sleeve 104. These



the reference axis 120. A force provided by the annular lip 124 of the
sleeve 104 in abutnment with the correspondi ng stop surfaces of the gripper
106, however, counters this force. Therefore, the annul ar I3q %&Roggﬁze
sl eeve 104 keeps in abeyance the portions of the gripper 106 thata

bi ased towards the reference axis 120 b%/ the springs 122. Consequently,
the gripper 106 is maintained in the closed position. The bit 102, through
whi ch t he chethérehasfaax are idefose cdjguelyefdciny thertdp suxfaderceiiilsd &rswy hewd t or que
that drives_the screw head 112 for tingteni ng .the screw 108 into a screw

hol e. ThélRoAgasmplar Hpg 24 extentotiemthechapiiarcd suracssiod thogleevenP4aad
initially fﬁﬁﬁ?ﬁgﬁéro?%és?%ethQOQ.i t 102 through a tool adaptor unit (not
u

shown). Thé torq I'S subsequently provided to the recess 116 in the screw
head 112 through the tip of the bit 102. The tool adaptor wunit is
di scussed Springpare loetai betwmedrhpartibey efithehowitg D). and(py tiarsdBidogriprer 406 1( b)

illustrates the . tus 100 | owered and the bit 102, extended fromthe
arrangeneﬁpténgﬁﬁgo %’tﬁ?&?ﬂ@e%m% UlgaH amartinn ofsach i 17 Agsegdnént
state for ' t : Eﬁﬂge : | [ it 102, the
appar at us nfg‘g&gﬁ%rt er?pf?lgn%glﬁﬁ}li\% t he r;i %g'pggyf 1?(})6%%&{?%%&%?% f]‘%%ﬁé%?i}\‘?gﬁsf he
recess 116ortidaoin fastened o theiihterrtaherallod tleehdusiag 1102 Eatlosming 122, pormwllyed t o
the apparatus 100 to turn the bit, 102, preferabl hr ough one revgl.ution
for |ocat iSFns 1t erpayesseqd gs phowmnin Fig; Heh) W%g%ﬁa%q@qaﬁ S@?f%ﬁl’lzng a
sui tabl e f:j t ' ﬁ%sp% fit
bet ween tﬁiétt%lﬂ?{)e @e{%iapﬁag%el%?ﬁé)} %I%% ﬁflégcfggﬁ)cf% t8 rg%%rggfﬂlﬁigﬂpgé}f@gﬁ%%ﬁe
appar at us th@fefersncefaxis 1#x A dovee prbvideddrydhe bdmarlardipel@4hefetble d&é@ve T0& imnabl e t he

gri pper 106 to envel t he 31 BAR 2004 10 of th rew head 112, the
sl eeve 10&%}1@%&%%&@5901’5‘?58?%4%%PVPISHﬁc@‘iEﬁQ%g@rﬁ”&’ae{ ﬁ%f’%%@%’@é"r{s?%‘t%? the bit

102. When 4i3eo2keeHeroiRl theafth&NGLtha driFe QBARIWUIReSURIBEPOM. Lhe S| ceve
104 neke cont%ct V\nﬁtﬁ tﬁ’e cﬁgﬁer d surfaeces on theegstjll ppefa%fOG.e Duri ng ‘
. abut ment pottidised ¢hesgriffpac 84 thahareddasndveovebr fiothe eefefench exiexd 2@ by ithegspsingeve 104
Is transl ated |nto ou rd forc t her eby pushing the gripper 106 outwards.
As a result: dqli‘éeoé*ﬁ?'ihé m%ﬁéﬁf&mﬁlﬁ@ﬂn%dﬁ&ee%%@pggmghe gri pper 106

wi den or open. Wien the apparatus 100 is further |owered towards the screw
head 112 ifH%if102, through which the reference axis 120 is depicted extending, transfers the

torque that drives the screw head 112 for tightening the screw 108 into a screw hole.
The torque is provided about the reference axis 120, and is initially transferred to the bit
102 through a tool adaptor unit (not shown). The torque is subsequently provided to
the recess 116 in the screw head 112 through the tip of the bit 102. The tool adaptor

unit is discussed in more detail with reference to Figs. 5(a) and 5(b).

Fig. 1(b) illustrates the apparatus 100 lowered and the bit 102 extended from the
arrangement shown in Fig. 1(a). The apparatus 100 is in an “engagement” state for
engaging the screw head 112. By first extending the bit 102, the apparatus 100
attempts to fit the shaped tip of the bit 102 into the recess 116. Upon contact with the
screw head 112, torque is provided to the apparatus 100 to turn the bit 102, preferably
through one revolution for locating the recess 116 if the initial attempt fails and
ensuring a suitable fit between the bit 102 and the recess 116. When an adequate fit
between the shaped tip of the bit 102 and the recess 116 is found, the apparatus 100 is
further lowered towards the screw head 112. To enable the gripper 106 to envelop the



"gripping" state in Fig. 1(c), the bit 102 is correspondingly raised or

retracted into the apparatus 100 fromthe arrangenent sho i el b).
The effect of this is that the bit 102 does not protrude QM‘M‘K%ZQ@% he

apparatus 100 in Fig. 1(b). The sleeve 104, encasing the bit 102, is
sinul taneously raised or retracted inttfthe apparatus 100. The bit 102 is
raised or retracted into the apparatus 100 so that the shaped tip of the

bit 102 & éfMh@scéheadf 1) ynadleeca4iid bherded) wetdrably Rropedraintife Thi s
ensures that unnecessary additional forces do not act on the recess 116

and hence extgesien pithe hd@21 Whea dha leeved 8 i entended obe chamfsygsh wafager o t he
h 112, | f
o e, e ORI P A g O ©

106 i nwar dhyirizft éfiBéselshEfasdsetre@lohddatSiored sfalle extendihg sletwdl04nk0 t he
apparatus 100. The chanfered surfaces on _the gripper 106 and the_sl eeve

104 coopefranslsied inte putwardfarces thergby pushingithe gripper [06tytWigidar 4sRaeds on t he
sl eeve 104. The u rdforces cause t . o) i.se or retract
into the psgpgg%%ﬁ&fu ertcﬁglpgegﬁ%i afnllaﬁ%? &mﬁéexqgé%%é&miro eﬁ'm':lde bet ween t he

top surface of the screw head 112 and the tip of the annular lip 124 of

the sl eevayvidphe hfRracs €00 Readhdidwend téwards thepormndhdadride iow ot he sl eeve
104. This force also contributes to raising and retracting the sleeve 104

i nt o the appeniag ugate doligéroethe pid 03 iveareespandingly raipeden refradied infted i nt o
of “the scoptriaiaioh Snehthtinal ol FHE Y THARTANLAG dRURAIC 00

axi s 120, 1bagosuct prraideRatmehdropi eeaibplainsd0DigER). ¥(HadhegleetdE04,0p
surface of the screw head 112. However, these surfaces are |ess sl oped than

the chanfaeastgdhe bihd@s ippimulanequsbiiaised ar regragisd drfo throanparaips H0e sTher e

conti guous, . . | ' L0t aratus .
100, & pori i riskdRr P GRA b nt BodeBleBCHOOlo ST APRRERS BT Ay FOPT
t hese sur fig@esstNe of fgnaadio eh@ilibling widdtheAscebh el Gt Thls SdsuddRhAQMhedeksayr f aces

on the gripper 106 are substantially parallel to the reference axis, there
is |ittl eaddfiopa) Tercande Betashonthemesss dldawr hace dhe srew headshiiasghe 122 into

Fo the rareragiE 005 LR R e splF Gy 1127 TH, SRAR 10 o HeiRetiBly o e
sl eeve 104elies ohalighdesioditlcechniiressel sRdiged 20 Mhad ekitdd inwardly for pushing the
gripper 106 inwardly so that the sleeve 104 is raised or retracted into the apparatus 100.
The chamfered surfaces on the gripper 106 and the sleeve 104 cooperatively translate
these inward forces into npward forces on the sleeve 104. The upward forces cause the
sleeve 104 to raise or retract into the apparatus 100. At the same time, when contact is
§ made between the top surface of the screw head 112 and the tip of the annular lip 124
of the sleeve 104, the screw head 112 exerts an upward force on the sleeve 104. This

force also contributes to raising and retracting the sleeve 104 into the apparatus 100.

Hence, the sleeve 104 is raised or retracted into the apparatus 100 as the tip of the
sleeve 104 makes contact with the top of the screw head 112. The annular lip 124, on
both sides of the reference axis 120, has surfaces that are preferably obliquely facing
the top surface of the screw head 112. However, these surfaces are less sloped than the
chamfered surfaces on the sleeve 104 to which these surfaces are contiguous. When
the sleeve 104 is raised or retracted into the apparatus 100, a point is reached when the

stop surfaces on the gripper 106 abut these surfaces on the annular lip 124. As the stop



apparatus 100 by the force fromthe top of the screw head 1123i Etﬁra@gﬁ
with the tip of the annular lip 124. Al so, as the sleeve 104~i él @,«

retracted into the apparatus 100, the annular lip 124 slides past the stop
surfaces on the gripper 106. Since the surfaces of the annular lip 124 in

contact with the stop surfaces on the gtipper 106 gradually draw closer to
the reference axis as the annular lip 124 extends away fromthe sleeve

104, the GuiBReon IO EHREU0S hit subas@fllybatiliel {Hethe kéfereit A8 eRerofs lithe screw
head 112 as the sleéve 104 is raised or retracted into the apparatus 100.

The gri pper no@@nslafigseitheinveird ferces afithe sprmgsvde mto pwerkbierees ed thair f aces of
the sl eeve, 104 ri pper . 10 re in _contact a result en.Lhe
appar at us S0 Lt endiseBieriph P Sons Lol PRk iR rAshERY ritaeBT B ons
126 of thej@yé PReintd-BR apbavhit 100 0T8RS sleBvePT04 B Parg STk 1SN G 1eRERePintd R SCrew
head 112. However, during the simultaneous |owering of the apparatus 100

and cl osi ragpatus 380 gy itheplercelidan theiep @f ithwicreyv eadt § 1gristergzeng withiibe tigr i pper

106 remai n W de o enqugh 1o receiye.the scre ead 112. Preferably,
space’ ot e Snfler RR T3 ATEH: fre TS AUE AR B RBER Fud e appran®

Ci rpum‘ erel'@@?th@%pﬁd]ﬁ lﬁCIﬂl\éli&gﬁaslﬂ?edt@p ﬂfr&‘ébﬂ&dthe'ﬁﬂp}‘aeﬂ B4 Giggsiee t hat _
during the |lowering of the apparatus 100 over the screw head 112, there is

m ni mal orsurfaces of thecannblar lip d 34 itheontant iwithethe 3109 saxfacesion thegeppenddel 112 unti |

the t f t h 12 tacts t | . f f t i
106, ' Wi eridiBuS SR CINEA Ty frerefeditc Gt ab e s RHF Tip UL e RERE: bl BT DO
the appar aldése 104 th Srifpék i D6 bradaumy @dsdsiRBh tEciRTAFRSREEH the Borbivthead ( C)

where the top of the screw head 112 abuts the undersurfaces of the
gri ppi ng drldas dfe sl¢pve dP# pyretsed 06TetRhied anto dinelappatatisa s THheerippentl@s dat um

surfaces 128. Preferabl t he datum surfaces 128. 11 0 sane. pl ane t hat
s ot hog s fetine TPt ie” B B R ReRESt bt Reet R ARE oD ot veon
the dat umiggntamesnhed 208 rdshR, Whéh Gk a%ﬂ?ﬁat%@;ﬂ@Weﬁ'@%bsjtﬁgtoptdﬁh@&ﬂ%at us 100
stops raising or retracting the bit 102. Also, the tip of the annular lip

124 of t héiead &bk eripping posaris2ofof tisrgipeh 1 @helowdy closesin badles 128. When this
nappers. [ SSREARES he el BRREME 0% SRR Al R o001
the apparatus 100 and closing of the gripper 106, the gripping portions 126 of the
gripper 106 remain wide or open enough to receive the screw head 112. Preferably,
space between the gripping portions 126 of the gripper 106 and the circumference of
the screw head 112 is provided. This is to ensure that during the lowering of the
apparatus 100 over the screw head 112, there is minimal or no contact between the

gripper 106 and the screw head 112 until the top of the screw head 112 contacts the
lower surfaces of the gripper 106.

When the apparatns 100 is in a “gripped” state as shown in Fig. 1(d), the apparatus 100
is further lowered from the arrangement in Fig. 1(c) where the top of the screw head
112 abuts the undersurfaces of the gripping area of the gripper 106. These
undersurfaces are known as datum surfaces 128. Preferably, the datum surfaces 128 lie
on a same plane that is orthogonal to the reference axis 120. At the point of contact
between the datum surfaces 128 and the top of the screw head 112, the apparatus 100
stops raising or retracting the bit 102. Also, the tip of the annular lip 124 of the sleeve
104 remains flush with the datum surfaces 128. When this happens, the chamfered
surfaces on the sleeve 104 and the gripper 106 are already disengaged, and the gripper



106 is in a nost inwardly position because the stop surfaces on the gripper
106 are closest to the reference axis 120. The upward forcessfgn&ﬂgggﬁﬁq;-
by the top of the screw head 112 and the gripper 106 cease t c R 4lhet
sl eeve 104. The sleeve 104, therefore, stops retracting or raising into
the apparatus 100. A grip is instead fbfmed around the circunference of
the screw head 112. AR 2004 Thereafter, the apparatus 100 lifts the screw

108 from §heisligadrsst ikard MHosRioRbekdude thektop §iefas6d @the @8ipporoMBves, the
apparatus 100 continues to eng{gge the screw head .112 through the best fit

bet ween t blesdst to the zefaretice feis 1 2 eBle umeard foices ¢antibntedbyithe topafthsy the tine

the screw_108.is,ihserted i.nto screw hol e .th S '

i medi at eﬁgie‘?'&ggg,ﬁfﬁfl‘%&F@EPP?{el%gccf %ﬁwﬁﬁg (fﬁn_ 8T \ZGD@;' ﬁv%r%%eg/% 1%%’ continue
Wi th the geragvtePiiols rbradiith dr raRir@hidche BSpaRthONG0. AlpeipdpArteati ¥smidd0 i s
noved by an automated system or by the operator's manual effort to a

posi tion enynd theecircymfergnertidhe gyewdged i by t he apparatus 100, the screw 108
is thus lowered and the tip of the threaded body 114 inserted into the

screw hol Wign hLhe tj f hr e . Sq4 ol e,
The’ appar SPACRaGHeEnbibal 100 A S FREE Sos BRRug KoL WhReBRIGHP,
three revelelkciedn 508, soweh@t tHehopirbfieadedomidies loléhgapgagasrdwieadria2f or med
internal thread of the screw hole. The bit 102 and sl eeve 104 subsequently

start | oftsprgiythe bew bt datrasy the bitnl 0handiibs apessubl 61 00UH1 tp GBSHIE 1t BB S nues.

it 100, BHE Wiy B on S e EROER Slere fIBLe e P09 100%, TEREIRCR e, "

abut . Agatddr@stht Berewhiagdgnshe tdtewdowward travel of the sleeve 104 is
translated into the outward novenent of the gripper 106. The gripper 106

I's thus wi dened or opened, thereby causing the apparatus 100 to . rel ease
the screw!Reaatinuepwithghgserw pickapapg dighicumg1perationsitht g arauptd] swer ed, and

e R L e A S B e 20

Torque contrnu e a ed tnr cess i 6 for

driving tbgewtiotey BYHwdrihgahé fpasaiiL100) thesscreho 1 0 Raidlewehel adlthe dpnt eri ng,
sel f-aligning, and height referencing features_provided by the enbodi nents

of the i noétheithisadeddrasyeldddnsestoginie theoscrgwghols. eenghe §p o s thrsadsdh
body 114 is in the screw hole, the apparatus 100 is rotated through several revolutions,
for example, three revolutions, so that the threaded body 114 engages f:he pre-formed
internal thread of the screw hole. The bit 102 and sleeve 104 subsequéntly start
lowering or extending from the apparatus 100 as rotation continues. When the sleeve
104 is extended or lowered lagging the extension of the bit 102, the chamfered surfaces
of the sleeve 104 and the gripper 106 abut. Again, as this happens, the downward
travel of the sleeve 104 is translated into the outward movement of the gripper 106.
The gripper 106 is thus widened or opened, thereby causing the apparatus 100 to
release the screw head 112. However, the apparatus 100 continues to be lowered, and
the bit 102 continues to be lowered or extended from the apparatus 100. Torque
continues to be applied through the bit 102 to the recess 116 for driving the screw 108

into the screw hole.

To describe the self-centering, self-aligning, and height referencing features provided
by the embodiments of the invention, reference is made to Figs 2 and 3 to describe in

further details the gripper 106. Fig. 2 depicts a mechanical centering operation diagram



further details the gripper 106. Fig. 2 depicts a nechanic centerj
operation diagram 31 MAR 2004 13 in which the gripping posiaéi'loﬁéﬁ\&f ?ﬁﬁé

gripper 106 on the screw head 112 are shown froma plan view, with the
forces that are provided by the gripper. 106 overlaying the various

gri ppi ng positions. These gripping forkes are of equal anplitude and are
represented by arrows FlI, F2, and F3. As shown in Fig 2, there are three
posi ti onsin?WHich 26erippihZfiitona i W @ippehe0@6n Peetrewliiad dpp lateshowvn
three-point grip on the screw head 112. Hence, the gripping forces F1, F2
and F3 ovE&pmedplen zicss avith tha foroenthataye pravededy th@glﬁm&rilsgloysﬂas@mg e

hani : ' : b dtoh
e ok S PR RS AREE Ik BB okt Bl Al pangRe Lo Pave 2
a ref er engprgzented b¥Qzows Fal F2,cedR3. des with the |ongitudinal axis of the

t hreaded body 114. The three-point grip provided by the gripping portions
126 is preferably applied around the circunference of the screw head 112

at poi nt sAsEReWR FEFIgy thess a5p thies praiars 414, 200 anth208 fromavhich the grippes he
rippin : : . [ nCl t-h Y e N0 ot hereb
Oauo gt hE5 Al ke pafilfrif 3, RipiGelt LI HARCTE RARRR Dibccr mp o7 0
maybe contndB3 ederlay the positidies 20d[ 206 hebeD8lrkiheativelpr Bot thamdchardeal poi nts, but
the practical effect of doing so is that it becones increasjngly difficult
to coi ncFemderngconsertde aprty e spewi 108 iaassumen tohavss wgstaaiially diculage

ref erence ' ' ' " AT} : y ghlsNg and scre
nei gnt v oFSpuAead 873 wihial L BRI Pk Aclllpy drofshihel Borgt 00 Ao PO, FCr e

f or egoi ngceiasides with die lohFieudhad] urissoftlichesdddBody E 4. ITheahfzevinttohipt i S
perpendi cul ar_tq the reference axis, 120. \Wien the apparatus 100 is | owered
t ownar ds t REOVidsddwithe gBPPiBg ReEONS il 36 irprefepbiyenpiicd grovaditimriswinisrace abs and

the top of; t . ' : i t fs. 1 he
screw heagxels?geﬁfifésaﬂ‘glgg?g?lé%sﬁpat\gﬁ%Qﬁl%@ﬁ}ﬁ%éﬁ?%iaﬁggﬁa I's’ gfs eng]égu lgﬁ}rléeaded
body 114 ifippiag peroed E1/F2 adidF3 beincidk anthe réforenseipdiac20 therétyy cnsiagthread 112,
the screw 108 when gripped by the_ gripper 106 is thereby aligned. That is,
the | ongi €UBPFA06 4 Fanterthe ﬁ‘éeWH}eé‘égb%l body 114 is aligned with the
reference axis 120 when the datum surfaces 128 engages the top pl anar

- The gripper 106 may be configured to grip the screw head 112 at more than three

points, but the practical effect of doing so is that it becomes increasingly difficult to

coincide the forces being applied at each gripping point at the reference point 202.

With reference to Fig. 3, the self-aligning and screw height referencing features of the
apparatus 100 are described. In the foregoing description, the datum surfaces 128 lie in
’ a plane that is perpendicular to the reference axis 120. When the apparatus 100 is
lowered towards the feeder 118, contact is made between the datum surfaces 128 and
the top of the screw head 112. With the assumption that the top of the screw head 112
is also planar and the longitudinal axis of the threaded body 114 is perpendicular to the
planar top surface of the screw head 112, the screw 108 when gripped by the gripper
106 is thereby aligned. That 1s, the longitudinal axis of the threaded body 114 is
aligned with the reference axis 120 when the datum surfaces 128 engages the top planar
surface of the screw head 112. Consequently, this provides a means of ensuring that
the screw 108 is inserted perpendicularly into the screw hole when the apparatus 100 is

held perpendicularly to the screw hole.



surface of the screw head 112. Consequently, this provides a rreans oi
ensuring that the screw 108 is inserted perpendicularly i nt [&WI'
hol e when the apparatus 100 is held perpendicularly to the screw hoI e.. 31
MAR 2004 14 The datum surfaces 128 are_al so used for height referencing
purposes. That is, when proper and ful4 contact between the datum surfaces
128 and the planar top surface screw head 112 is nade, the plane forned by
t he dat unTaedéamesirfh2& P8are dizs used foeheighmﬁarmmmpﬂrpmwmﬂh@ths,tmnhei ght of
asurable. This featur seful in

the screw 108 is art arly u
enabl i ng PF@eaﬁﬂaﬁtCGEta%‘?PtWSGIb@e@é@@% Cﬁsn%% 47 RJ R "4 nmat ed
SCrew pi ckg R 1 112 Ahh& i éﬁ?eti%{el’aéc(f@é a@%aﬁa?ls&féaef magwdega or

manuf acturing Tloors. Such adt omat tens typically rely on referencing
means to rﬁmﬁmpﬁmﬁmv@uc]kthxﬁ;e@nbévhetsc@mmﬂmgneasmrabhv Ahisefatucciat i ng,

and the |i ke operations hei di s nces, vat ons, and the
li ke mas@?@%ﬁﬁg uéquﬂ@rqn@b]zrggt% aﬂ%"H SBQFP CBWuE‘?H: %W’E f8t ed systens
rely for ' I H'Hﬁ‘éin is shown in
Fig. 4. Iﬁ%&%’t@l%ﬁﬂﬁﬁ%g%%grt Ptegﬂ%os SI n tne e%ﬁtggaﬁ?ts oﬁ&?ﬁpe I nvention
al so pr ovinthmafaaturing flverofSuck motdnrged gystegrtypaalty elhesn tdfatneang npanioced

during the screw tightening operations. hou h t he atus 100 has
provi si on$eHe SAEW PEETR: SETGY BEticrdRg, Seren Cé; ?r&fﬁ‘ﬁ € ORFAEANS her eby

ensur e PerRandiig Hbighd kAUt BRvhie é]ﬁethghﬁgnfégsﬁaﬁen@ GfeoMibQ8 i nto the

screw hol e orel g particlés may s resent. This nmay be due to
foreign parrfonnitﬁm qmrwhiuh euchemit@mated aysternd red:y fus petfbmaiagdithape opastidndy

vari ati on; in the Hen5| ons of t he screws 108 and/or the screw hol es.
Foreign p PP@E‘F%@OW&SF Svegmye shoyn {)resent in the screw holes or the
surroundi ng areas of the screw holes before the screw tightening

oper at i N, Rl AL ALK TRFusTROO FITRY BmbiiRnd O Rl Biokl dHoifovikes appar at us

100 is provi vacuum pat escri bed herei nbefore, the sleeve
104 encasawanhef teimovi@Xordigvparticles thae e preducpd dmnnlgther snretv&hbglappag atus 100

space between.the hit 1 and the s rroundln e 4 mhrch ornms a
vacuum patRErE8ens hogggéqxeowamés 1{0thag grovi g‘ﬁ‘?’g%‘?% gty

aligning operations, which thereby ensure perpendicularity during the insertion of the
screw 108 into the screw hole, foreign particles may still be present. This may be due
to foreign particles produced as a result of cross-threading caused by variations in the
dimensions of the screws 108 and/or the screw holes. Foreign particles may also be
already present in the screw holes or the surrounding areas of the screw holes before
the screw tightening operations are performed. To remove these foreign particles, the

, apparatus 100 is provided with a vacuum path.

As described hereinbefore, the sleeve 104 encases the bit 102. However, there is
provided in the apparatus 100 space between the bit 102 and the surrounding sleeve 104
which forms a vacuum path 130 that envelops the bit 102. The vacuum path 130 is
provided by an air removal device (not shown) connectable to the apparatus 100, as

known to those skilled in the art.

For implementation of the apparatus 100 on production or manufacturing floors, the
apparatus 100 is used in conjunction with other modules to form an automated

manufacturing system as shown in Fig. 4. Typically, such an automated system



provi ded by an air renoval device (not shown) connectable to the apparatus
100, as known to those skilled in the art. For inplenentation of the
apparatus 100 on production or manufacturing floors, the apparatus 100 is
used in conjunction with other nodules to form an aut omated Mn@fﬁg_‘gt&u};g
system as shown in-Fig. 4. Typically, sgsch an automated system 1

20% i ncl udes a Programmabl e Logic Controller (PLC) 402, a robot 404, the

screw feeder .11 t he sc¢ I ck-up. a 10 d,a scre river 408.
The  PLC aoRes i iatraahia bt SomeSHGBEEEAE 4 9Ro 08 TR el | b

oper at i onmjmé@&éwg,ﬁc Jgﬁaﬁﬂ%%ﬁoo, SHOWRcre® drivar 408, T Bhe 4@9@%@&@
system the apparatus 100 i's coupléd to the screw driver 408 so that the
t or que pr eentddogiy td smchomiay addicoanrdid®® thaopdiations efi most afithe modhlesbit 102
and the sl eeve,.104. A vacuum 410 is al so connected to the screw driver 408
so that tHRBORILNE Griver 408 may in turn renove air to provide suction to
the apparatus 100 for renmoving foreign particles. The screw driver 408 is

al 0 connag iRt AndtiesyseRethd Yparittid LD REBASIS tPhBeErektirNEs 4098S frgf N5 t he

screw pi ck-up and tighteni ng operations with autonated actions. The PLC
402 cont r éhsstordve psevided bly thescrea0diven 468 gin be usedve drive thetbitol 02end4e. The PLC

402 al t h f eed 118.., T ide. th d 118
wth & ancoes Qo A et 1% ionaerted be P v fost o i LEFER oeder
118 is pl ag9ek 408 miy RMuALRmotRQirlth PRI SRtiIEAR] Be drarhiBs 0N FIrREMBGnBY an

axis servo 414, which is in turn controlled by the PLC 402. The axl's servo
414 is a dJercymmadides. sithetsorew gmeerid@83s alsmennnetted buithewolatdd, whichhe

transverse table 412 .in the various axes. An ajr, supply 416 is also
connect ed AN UESHiPE: BETIBE B BTeRO S and HEEHE okeragns Wik “suppl y 416
provi des aliforfdQSaMbEs, f Ple BICE UBY kHGrdE BIRABIHSMErivaD 40P BrdRgRs ativg 100 to
provide the novenents of the bit 102 and sl eeve 104. The nechani cal

coupl i ng lsentyden40he screw driver 408 and the apparatus 100 is further
described with reference to Figs. 5(a) and 5(b). ‘The coupling is nade

possibl e %%@402 also controls the screw feeder 118. To provide the screw feeder 118 with
transverse motion, a transverse table 412 on which the screw feeder 118 is placed is
provided. The transverse table 412 is controlled by an axis servo 414, which is in tum
controlled by the PLC 402. The axis servo 414 is a servomechanism that provides
control and movement of the transverse table 412 in the various axes. An air supply 416
is also connected to the apparatus 100 and the screw feeder 118. The air supply 416
provides air pressure for actuating mechanisms in the apparatus 100 to provide the

movements of the bit 102 and sleeve 104.

The mechanical coupling between the screw driver 408 and the apparatus 100 is further
described with reference to Figs. 5(a) and 5(b). The coupling is made possible through
a too] adaptor unit shown in Figs. 5(2) and 5(b). The tool adaptor unit includes a driver
adaptor 502 and a bit adaptor 504, The driver adaptor 502 provides a mechanical
interface between the apparatus 100 and the screw driver 408, and is dependent on the
size and type of coupling used on the screw driver 408. When a different screw driver
408 is used, and therefore a different coupling, the driver adaptor 502 is changed.
Similarly, the bit adaptor 504 is dependent on the size and the type of the bit 102 used.

The tool adaptor unit also includes a series of air inlets 506. These air inlets 506 are



a tool adaptor unit shown in Figs. 5(a) and 5(b). The tool adaptor unit

I ncl udes a driver adaptor 502 and a bit adaptor 504. Th@ ?rwm@tor
502 provides a nmechanical interface between the apparatus 100" a screw

driver 408, and is dependent on the size and type of coupling used on the
screw driver 408. \Wien a different scr®v driver 408 is used, and therefore
a different coupling, the driver adaptor 502 is changed. Simlarly, the bit

adapt or 50dnriested @pehirdeiupply 4ll6cfostezeivaptait e diy pleantbiers WhereipusH@250&6ed. The
tool adaptor unit also includes a series of air inlets 506. These air

i nl ets 508redrevadly presp@oTheredsrerdSate tristopeliks devdesspyRicly pehepseeiced ei vi ng
nens S0% . . - ’
508 are » BY EeCHAESuEe, I8! Sl pEDe il 300 TRRUAV Yolble RO tupliddo D IoNer

push agai ttbivaddpiov 604.0Thapushef. SORB@ddhe deviandllar S Blfreieacased by edidkap t he
bit adaptor 504, The tEushers 508 and the device cqllar 510p2%re encased by a

pi ckup  hBousgS B Bothdhedriveecodiar v @l thg pickyp hawang hi2 yeekeiprabbusi ng 512

are prefe - GY ] igald - T ' i :
pref er abl ¢ g%/ |c%1§¥i813 ' ilﬁ%shﬁfa%g.ﬁ{b?ﬁ?% s %ﬁ %ﬁger@ge%ﬁ&%ggl&%?ﬁ%g%mand t he
drive col kRewHthe bitadapionb 04 aeiithe daive adliar S10nto b eligiedgoexially fdrehé torsf er r ed

fromthe screw driver 408 to the driver adaptor 502, then to the bit
adapt or 5tube tansiesreddrany thesereyy fxjeer 498 ta thexirtyer a¢apter 30detheBto e bitio narr ows

substantig&%yorts(bgga{dg}% t%htﬂé'bg%ﬁﬁﬁmr%% drive collar 510 extends away from
apt or : e pi ckup 'ng

the bit a u ousing 512 is reciprocally narrowed by an
annular ring to forman internal |edge which is also cylindrical. The

annul ar r Thgdiise eolkedl ) ngrewasybstantiglly dbforBet shoeldet dseths iaud datar 510t he
device collar 510 and the bearing clanp.ring 516, there is a_spring 514.
The Spr i ngrS1ds BN SRS IRKAGeREOr 4r rIORPEIHBIRVERE SLALFPRER | ar 910

whi ch pro : i : i jqt nds of
the apri noaeqey SPURMBMrtinghl oy B ik RARE whEHT, filPcRRASM, THENC
beari ng champarringgs 2 bearingapeptringed 15, Beteesnahe ehwddared kheodevidecotiat ¥ col | ar

510 is coupled. to.the bit 102 at the end op?osite t he. shaped tip of the
bit 102. #wbihsberingclampiaing by therpis asopnad 4 o [hhepring 34 codf prpund iy | s

hour - gl as g, $0A8ERkck BFen LRI JGE 5 R witfch IS Gohastany AliileR aRy &hiy abl y

has
time the opposite ends of the spring 514 rest on the shoulder of the drive collar 510 and

the bearing clamp ring 516, respectively.

The narrowed neck of the drive collar 510 is coupled to the bit 102 at the end opposite
the shaped tip of the bit 102. The portion of the bit 102 coupled to the drive collar 510
is hour-glass shaped. The constriction at the hour-glass portion preferably has
substantially the same diameter as the shaft diameter of the bit 102. The bit 102

narrows after the hour-glass portion, and thus forms a gradually inclining shoulder.

At the hour-glass portion of the bit 102, the sleeve 104 begins to encase the bit 102.
However, at the inclined shoulder of the bit 102, the internal cavity of the sleeve 104
forms a reciprocating inclined or tapering ledge. The inclined ledge on the internal
cavity of the sleeve 104 acts as a stopper to the extension of the bit 102 relative to the
sleeve 104. That is, the bit 102 cannot extend from the apparatus 100 beyond a pre-

determined distance without causing a corresponding extension of the sleeve 104.



substantially the sanme dianeter as the shaft dianmeter of the bit 102. The
bit 102 narrows after the hour-glass portion, and thus fg%gswﬁﬂgr 1y

i nclining shoulder. At the hour-glass portion of the bit , Sl eeve
104 begins to encase the bit 102. However, at the inclined shoul der of the
bit 102, the internal cavity of the sl€eve 104 forns a reciprocating
incIined or tapering ledge. The inclined | edge on the internal cavity of

t he sl eev?'éha.ﬁuderaaitcavﬁgs oﬁthstslrpptemﬁt gubstprepdlty ebrsptbymm’rowénw foith asbapr el ati ve

h 0 ' 02 . nd . f
100 beyontsag® JpE e e et hrdecicn thy vt St SE shEP Il  ondl ng.
ext ensi Onm‘l?érn%lnﬁvﬁy SEMNhE sﬂs@ée 1@41 tMBlsZéﬁgﬁle;anﬂéeS Ilsntﬁ{e%ﬁhng 91’8 bias&ftnt he

sl eeve 104 su sequen y abruptly narrows to forma. sharp | edge. Between
t he i ncl i reddivskidaplatemsnidretwben tbe 'b1t]102 aadmheisﬂmvs G pudlﬁhgtdhohptoh‘iéle bmt er nal

cavity of | eeve i her anot 5 The.s r|

by ases + 07 Seferoveeteeshinedt e Sodtiee bRl bR dotshedianirddele 104
such thatﬂfe@%eﬁréfo&f the bit 102, under normal conditions, does not extend
beyond the tip of the annular lip 124 of the sleeve 104. The sl eeve
housi ng 520 acts as a stopper to the extension of the sleeve 104, and

t her ef or eThc)slBth@ Imusieg§26 actofas aistopper toXhRextamsian éfshelslnevebl0dprn/i di ng

reci procatin ng surf oul.ders .gnd | edges,.on t he outer
surfgce o‘t‘h gtg"\%é‘ ‘%’6 Qﬁlﬂlee@ﬁzbfnﬁtrgﬁhsa O@nypéﬁ‘élgg‘ﬁ rFﬂBl% P8 e housi ng
respecti Vﬁbp‘ 1n§'§15}@ﬁ>es b8 RLARPHAY and . &Sthelotdr shiffcettBOgESQR 14 the bit

102 and the sI éeve 104 fromthe apparatus 100 to a pre-determ ned
di st ance. ansthd astemiabsuisee pEthelstdeve hoummesmpmdgnﬁﬁntm thengsoppong adapt or

unit and the appat 100 ipterc ec o forma tem for
bt ovi i ngSRESeS e fxerin of e o DRdos iyt | B AP, b8 apRRk P

moti on. WAgR AdEMifed §istaheyi ded to the deV| ce adaptor 502, the torque is
relayed to the bit adaptor 504 and in turn to the drive col lar 510. The
drive collar 510 in turn relays the torque to the bit 102, the sleeve 104,
and the sAedv@nﬂmdlbmglbsﬁme tBecomponentsan @eobadapmynﬁgnéﬂ& apparatise pi ckup

housi g Stey it d8hed! SaRhelet ob%o\rlm%es%tl mfor prov1J1ng the apparatus 100 with

rotational as well as longitudinal motion.

When torque is provided to the device adaptor 502, the torque is relayed to the bit
adaptor 504 and in turn to the drive collar 510. The drive collar 510 in turn relays the
torque to the bit 102, the sleeve 104, and the sleeve housing 520. Between the sleeve
housing 520 and the pickup housing 512, there are preferably bearings 522 for

y substantially reducing the friction between the two caused by a rotating sleeve housing
520 following the rotating sleeve 104. Additionally, there are preferably bearings 522

_between the bearing clamp ring 516 and the sleeve housing 520 for the same purpose of

reducing the friction caused by the sleeve 104.

When a longitudinal movement of the bit 102 and/or the sleeve 104 is required, for
example, to either extend or lower, or to raise or retract the bit 102, air 1s supplied and
maintainéd or cut by the air supply 416, respectively. In Fig. 5(a) where springs 514
and 518 are extended, the system is in a normal state. That is, the drive collar 510 is
raised and the bit 102 is raised. Since the bit 102 is not extended, the inclined shoulder

on the bit 102 does not abut the reciprocating inclined ledge on the internal cavity of



substantially reducing the friction between the two caused ,f\i m t‘z{g@lpg
sl eeve housing 520 following the rotating sleeve 104. Addigilo Ry there

are preferably bearings 522 between the bearing clanp ring 516 and the
sl eeve housi ng 520 for the sanme pur posg; of reducing the friction caused by
t he sl eeve 104. Wien a | ongitudi nal novenent of the bit 102 and/or the

sleeve 104 is required, for exanple, to either extend or |ower, or to
rai se or fhetslesye 10heThe sleans2l 0445 therefors alssl retsad ndie exignhibai theghaprfeset by t he

air suppl 16, respecti .. hn Fig, wher I 4 . 18 are
ext ended, ¥1ﬂrﬂaece§%ﬁ1§[§§e¥ © :{ﬁh én%g"rﬁ ngé'lpggli g‘fég"?“"%l&trgﬁ@& ?fﬁgg 5’?[%1\1/%012%??3% 510 is
rai sed ang@rdvitRdbytthd Spdirles 1221 $@bn 25t B G0Vl Bithe D165 S0 theptspogesds t he

i nclined shoulder on the bit 102 does not abut the reciprocating inclined

| edge on reepushededaven ascsromyin &ig. $(1). KR dziye codart 1@ ispesheed down andhe s| eeve

104 is theref ' th t : f
the st ecvieteang et gl Bnihe fatrs ARt MPRRARET EAEIRES cnal on For ces
provi ded BespbdieSion}@6ssd22Wnéheie Bit 102 & drtfepdediRg e%@bibﬁle&hﬂiﬂem ets 506,

t he pushers 508 "are pushed down as shown in Fig. . .The drive collar
510 is pusheddetenihabit 10hahys Bregetinwepting inohnadde e gommal gayity of esul t

the springs 514 1 r. espectd vel y,conpres : bit 102 is
ext ended 353?%839%, Rfﬁ%eal?lﬁwz{ ?égn&sﬁﬂgﬁ?%@rﬁ sgeﬁv? }?Z‘ﬁ‘gﬁ %ly%%ge%%gt s the
recipr ocahjtmghngédéiﬂ%@td@gg@cmhgﬂmm pitaopal cavity of the sleeve 104. As
the bit 102 extends further, the sleeve is thus al so extended, although

| aggi ng at_a di stance behind the bit 102. Wen air fromthe air supply 416
is cut, tMNéhenmin fiem thaair synPle 486 ivaubribe stimes Y4 apdlis 1R ergenbtharedy the drive
collar 51Q and th L1 102 1 Nyf.edatl . . S| ee . t he sl eeve
Toa s Pyt b s iyelRubG Bidind B BRiSio R o Meskeal R34 S 7 Sces

on both, tigensthé kiR ieXtldNH abéy@nde BE Geq@ipper 108 dughnlge chagifdied Of
spatial equilibriumas shown in ng%d 5(a). Inthis state, there is a
cl ear ance stdacge en bothetheispang A extndd teardegreetfpepiovidingpstaigpisp@ial ncl i ned

| edge on the..jntern cavi . the..s 4 ' a cl earance
bet ween t ﬁ%mgt’%%lﬁiaﬁ 311%"&? f“a%‘és 9@1 thglssﬁltaggﬁger% 8542. Clgﬁﬁf“?%‘%&‘é’?%@gs housi ng
520. inclined shoulder of the bit 102 and the inclined ledge on the internal cavity of the

sleeve 104. There is also a clearance between the stopping surfaces on the sleeve 104

and the sleeve housing 520.

Regardless of whether the system is in a state as shown in Fig. 5(2) or 5(b), the vacuum
path is consistently in fluid communication with a vacuum outlet 524. The vacuum
outlet 524 leads away from the space formed between the shoulder of the drive collar

510 and the bearing clamp ring 516.

The system described using Figs. 5(2) and 5(b) may be attached to the automated
system described using Fig. 4. Alternatively, the system may be attached to a manual
screw driver with an attached air supply. In the case of the automated system, the robot
404 is programmed to move in the X, Y and Z coordinates using teaching or the like
methods. When the robot 404 moves the system to “taught* points, the subsequent
movement of the system to other taught points are pre-determined and controlled so
that, for example, the apparatus 100 is not lowered too far during a screw pick-up

operation or a screw tightening operation. For an application of the system with a



Regar dl ess of whether the systemis in a state as shown in Fig. 5(a) or
5(b), the vacuum path is consistently in fluid communicati or§\41i M%R 2@@4um
outl et 524. The vacuum outlet 524 | eads away fromthe space forned between
t he shoul der of the drive collar 510 apnd the bearing clanp ring 516. The
system descri bed using Figs. 5(a) and b) may be attached to the autonated
system described using Fig. 4. Aternatively, the systemnmay be attached to
a manual mEopdheev dreverhe X, ahard Z andvethenisof thepyybigm Ispontrellesdyethef t he

aut omat ed..syst t he robot 404, rogramed to _nove i.n the Y and Z
coor d nat clebatie PeSahE o s aple, B BT R EHLEY BB R noves
the syst efid Hpatatsdiin ' babd i Sie 61 f THERSE SRR froBYESBREY hedd I edifiitiatem to
ot her taught points are pre-determ ned and controlled so that, for

exanpl e, StreWappanpEPati®0 is not |owered too far during a screw pick-up
operation or a screw tightening operation. For an application of the system

with a 3119 MAR 20 nmanyal, scr.ew dri.ver, .the X. Y and Z venents of the
oystem i s IEBAPPARTRAC R B todlafrtof it Frbdhelipbe e ARG Vibise

oper at or kfnddie ewa&plsfatiﬁwﬁaﬂg@\QESBD aﬁﬁobé&’ﬂﬁteﬁhl@ @uﬁﬂﬂ_@f@%@dﬂ@&r&ﬁs _ed on
the feel of the resistance fromthe screw head 112 during a screw pick-up

oper at i onPickH® ansjightaning oty arreduipiment. obichanziptias, witich dd@stedupedSDs,

her ei nbef gre e f.abricated usi,n standard el ectro-static di scharge (ESD)
appr oved %ﬁet%’%?rgy?ﬂ%wgé? g’ofs%?klﬂg?(}%@e@%r ew pick-up and tightening tools
or equi pnent. Such materials, which do not cause ESDs, are commonly known

to those $ikitel fofbgbingto@mer, ta toblortaiephRaRGOd MEthFB MIRY an AitdAared O¥stéh for
apparatus, a nmethod, and an automated systemfor wuse_in manufacturing, are

descri bedUs¢ i ipardaciuning are drscrabysarlapagicnlar,fbe aprasatus isrused prrerrewipicknd

self- centBAnEheBRR opp il i Give W RRER GO ERE MRS BRI ns e
appar at us céfiring GEIQWliphiG kK -4hd sefsl héightrefrdi@ingRA@idn@N Thalapparpiue¥drdes a

screw pi ck-up nmechani sm_w thout the use of magnetic fields. However, in
vi ew of t Berewinied-up andtighipring openations also provides a screw pick-up mechanism

without the use of magnetic fields. However, in view of the disclosure herein, one
skilled in the art will appreciate that numerous changes and/or modification can be

made without departing from the scope and spirit of the invention.



skilled in the art will appreciate that numerous changes and/ or

nodi fi cati on can be nade w thout departing fromthe scope arhqé\%[;i r'ob of
the invention. 31 March 2004 20 CLAIMS: 1. An apparatus for pi ﬂ"gi f) a
screw and engaging a head of the screw, the apparatus conprising: a sleeve
capabl e of having a Ilongitudinal axis agg adapted to longitudinally extend
fromand retract 1into the apparatus, erein the sleeve contacts the head
of the scr&iAdA:t he sl eeve is extended; and a gripper for gripping the
head of the screw, the gripper being actuated by the sl eeve wherein

wi dening and closing of the gripper are dependent on extension and
retractionlof ths dAmeseatis Therapparlatug ap i a clatew larfdiréhgrging

conpri si ng bit adapted to _be encased by the sleeve, the bit being
rotatabl e 8b§1u‘%a§ P%ﬁ@ﬁ%d?ﬁ&le%i 'ggSf %H%ar&g?,s ISR THErAS Ty ext endabl e
fromand retractable into the apparatus, and rotatably coupled to a

torque driver for engaging and transmitting taorque, to .the head of the
screw. 3. ?hesiﬁﬁa‘i’r@at& PP 1R (ﬂéi MY ihBerdi H'Cg?‘?bﬁp%naﬂorlaixdn% &4 he

gripper areddispogedepr oxioh®)i t@dends 1,07 dbecsbieereamd andi t rEergu€ki ng
up the head of the screw, and the end of the bit is extendable from the

appar at us aRdFDr studaBreasdyiehid gipheRg PoFt iDheSER tRenFaPper the
engagi ng apddd adsmhid No-r&QF QU Ochbe shead, of 1E5he 8 Med; and

a gripper for gripping the head of the screw, the
gripper being actuated by the sleeve wherein widening
and closing of the gripper are dependent on

extension and retraction of the sleeve.

2. The apparatus as in claim 1, further comprising
a bit adapted to be encased by the sleeve, the bit
being rotatable about a longitudinal axis of the
bit, longitudinally extendable from and retractable
intoe the apparatus, and rotatably coupled to a
torque driver for engaging and transmitting torgue to

the head of the screw.

3. The apparatus as 1in claim 1, wherein gripping
portions of the gripper are disposed proximal to ends
of the sleeve and a bit for picking up the head of
the screw, and the end of the bit is extendable from
the apparatus and protrudable beyond gripping
portions of the gripper for engaging and transmitting

torque to the head of the screw.



31 March 2004 21 4. The apparatus as in claim1, wherein the gripper is
resiliently biased and linearly actuated to close inwardly. {08004
apparatus as in claim1, wherein the gripper releasably abuts the Sl eeve
for actuating the gripper. 6. The apparatus as in claim1, wherein the
gripper and the sleeve include at |eastia pair of chanfered surfaces that
rel easably abut for enabling non- pivotal, |inear actuation of the gripper.
7. The apparatus as in claim®6, wherein the pair of chanfered surfaces

r el easabl y ,abut e I e_._exten f. th t th i1 .of
chanf er ed 4§urf§¥$s%é§%§%§ﬁ%fa‘rst )r(iLeIr? g)%?é?\rginioh grfht egilgl gzl\?e EF%%}QP
wi deni ng ofist heeghilpgpert Land wheedi miwhed iffgrael v @rathezx tedt endi ng e
sl eeve subﬁtn%gntli,gily ceases to act, the gripper closes and the pair of
chanfered “surtace translate inwardl y biased closing of the gripper into
retraction of the sleeve. 8. The apparatus as in claim11, wherein gripping

ortions of the_gripper prqvide a substant.i al atially_distributed
bhr ee- poi n® -gri P GHNAZCRE Uheal off thdet el HESHRLAp Rt 5 LRE S

claim2, whereidssibey emmasenent @flddeebiEbrbydtheasiggveny oyt fesea .vacuum
path. 10. The apparatus as in claim2, wherein the bit and the sleeve are
substantially cylindrical and coaxial .

6. The apparatus as in claim 1, wherein the gripper
and the sleeve include at least a pair of chamfered
surfaces that releasably abut for enabling non-

pivotal, linear actuation of the gripper.

7. The apparatus as in claim 6, wherein the pair of
chamfered surfaces releasably abut when the sleeve
extends from the apparatus the pair of chamfered
surfaces translate further extension of the sleeve
into widening o©¢f the gripper, and wherein when force
further extending the sleeve substantially ceases to
act, the gripper c¢loses and the pair of chamfered
surfaces translate inwardly bilased closing of the

gripper into retraction of the sleeve.

8. The apparatus as in c¢laim 1, wherein gripping
portions of the gripper provide a substantially
spatially distributed three-point grip around the

head of the screw.

9. The apparatus as in c¢claim 2, wherein the
encasement of the bit by the sleeve provides a wvacuum

path.

10. The apparatus as in claim 2, wherein the bit and

the sleeve are substantially cylindrical and coaxial.



31 March 2004 22 11. The apparatus as in claim1l1, wherein the sleeve and

the gripper provide conplenenting surfaces for stopping in I based
closing of the gripper at a predeterm ned distance fromt hﬁ@ﬁégflclf%@?nal

axis of the sleeve. 12. The apparatus as in claim2, wherein the gripper
further includes at |east a surface forjpabutting an upper surface of the
head of the screw for providing datum neans for referencing a height of
the screw and for co-axially aligning |ongitudinal axes of the bit and the

screw. 13. 14 ehad £, bl £k NgoUR A SCLAW 20d,8093011G A head . Qf dhe
screw conprising the steps of: providing an apparatus having a sl'eeve and a
gri pper; exhendingrprae simeiiald r gpmplereppdrag usuirfircesonfact stwdditde

head of th rew, and .qri pping. the.head of. the screw by actuati t he

gri pper vmgtnﬁ%trﬁi\eyysl eg’vlgds dgr eiqznl%?(l)g?jng gff thghge?i pp%?il?gerdepea%enta on
retracti onpafeddiee sheewve. o4.stlrecaetfindmasthe clahgitddihant hexisompf i si ng
the step %%1 en;)a;i ng a bit wwth the sleeve, the bit being rotatable about
a | ongitudi & SaXis of the bit, | ongi tudi nal I y extendable from and
retractable into the apparatus, and rotatably couplable to a torque driver
for engaging and transmtti n% torque to the head of the screw 15. The

met hod as ilg‘cl afm 13PPAREIEEN 2fie Gti FRitAG St ep"RREF LBest B e BARRST ng

the gripperueuheds HycBWYs at least a surface for abutting an upper
surface of the head ¢f the screw for providing datum means
for referencing a height of the screw and for co-axially

aligning longitudinal axes of the bit and the screw.

132. A method for picking up a screw and engaging a head

of the screw comprising the steps of:
providing an apparatus having a sleeve and a gripper;

extending the sleeve from the apparatus into contact

with the head of the screw; and

gripping the head of the screw by actuating the gripper
with the sleeve wherein c¢losing of the gripper 1is

dependent on retraction of the sleeve.

14. The method as in claim 13, further comprising the
step of encasing a bit with the sleeve, the bit being
rotatable about a longitudinal axis of the bit,
longitudinally extendable from and retractable into the
apparatus, and rotatably couplable to a torque driver
for engaging and transmitting torgque to the head of the

SCrew.

15. The method as in claim 13, wherein the gripping

step includes when widening the gripper outwardly away



31 March 2004 23 froma | ongitudinal axis of the sleeve, the gri pper is
dependent on the sl eeve extending fromthe apparatus for recgiying,

rel easing the head of the screw, and when closing the gripper Tnwar Iy
towards the longitudinal axis of the sleeve, the gripper is dependent on
the sleeve retracting into the apparatys for gripping the head of the
screw. 16. The nethod as in claim 13, further conprising the step of

di sposing gripping portions of the gripper proxinal to ends of the sleeve

and a bit fQr gppgkll%gl@qgcgu@[) 2 pead of the gor e&iéggeextﬁ{zd B9 5 Eg%@“ge end

appar at us otru eyond gri ppi ng portions of t
of the bitdhmenﬁgmmlﬂg &h¢ tslawre t exhgntonguerdm the hg@dr@ﬁuduﬁsnrew

17. The et cIa|n114 furth r conprising the ste of n
resiliently %he Vglrrfgpper t'o c‘? os6" |r?war ghggdlépfnﬁ]% *méthod ‘as?l S}Eﬁ’ 13,

further corprissimg the gtépp@fr abnt:tan:nlgyr eteasahlsy the g bppeércuahichd he
sl eeve for actua |nﬁ%the gg t_n19 The nethod as. in claim ereln
tti

18
the abutti A¢*5%t8& Fudes® °r & edBRbly A Ideeéé":tn%eﬁﬁl rOBf ©

chanf ered surdfaces r@ﬁﬁahﬁtﬁh@e\b_&ltacﬁld tihe gbippertdor fanabkipgihle the
actuation g th%ﬁ? er. 20. The nethod as in claim 19, wherein the
abutting s Torpti ses abutting rel easably said the pair of
chanf er ed surfaces when t he sl eeve extends fromthe

16. The method as in c¢laim 13, further comprising the
step of disposing gripping portions of the gripper
proximal to ends of the sleeve and a bit for picking up
the head of the screw and extending from the apparatus
and protruding beyond gripping portions of the gripper
the end of the bit for engaging and transmitting torgque

tc the head of the screw.

17. The methed as in claim 14, further comprising the
step o©f  Dbiasing resiliently the gripper to <close

inwardly.

18. The method as in c¢laim 13, further comprising the
step of abutting releasably the gripper and the sleeve

for actuating the gripper.

19. The method as in claim 18, wherein the abutting
step includes abutting releasably at least a pair of
chamfered surfaces on the sleeve and the gripper for

enabling the actuation of the gripper.

20. The method as in claim 19, wherein the abutting step
further comprises abutting releasably salid the pair of
chamfered surfaces when the sleeve extends from the
apparatus and through angular resolution of force further

extending the sleeve, transliating further extension of



apparatus and t hrough angul ar resolution of force further extending the
sl eeve, translating further extension of 31 March 2004 24 th%1jbe§¥§ohnto
wi deni ng of the gripper, and when forcefurther extending the g
substantially ceases to act, the gripper closes and through angul ar
resolution of force provided by inwardby biased closing of the gripper,
translating inwardly biased closing of the gripper into retraction of the
sl eeve. 21. The nethod as in claim13, further conprising the step of

di stributi gripping portjions of the gripper _for toviding a
substantia?%ﬁ spatially ﬁ%ggriggggglt eéggoi%?e g ?6nggdndEfﬁ% HEA" of
t he screw f22cefhe ttethosxasndinngl aihw B eduwr tdass conpledilng dedms et eppo  of

i di t h. bet the bit th | .. 23. Th t hod
POl g Bt L P R ks bl Yk OS] LT e TH Bt and

the sl eeveof24fofbe netboddast i Bycl ahwaldlf ubtiteyegoIrd Sing tdhe siep of
provi di ng conplenentaﬁé surfaces on the sl eeve and _gripper for stopping

i nwar dl y bPESEP T osi h§2Ef et " ri pPERTHLYa Prédeter AUTed 1t sthce % om a

| ongi t udi ngk i p@%irs ieft 4 hetsh feveon 25¢ dhe Betled. as in claim 14, further
conprising the step of providing at |least a surface on the gripper for

abutting an upper surface of the head of the screw for providing datum
means for peferenei pdtohehghtinOkikha 13¢T AN f Uongd ald el i gnihg
| ongi tudi nal axes of the bit and the screw
of distributing gripping porticns of the gripper for
providing a substantially spatially distributed three-point

grip around the head of the screw.

22. The method as in claim 14, further comprising the step

of providing a vacuum path between the bit and the sleeve.

23. The method as in claim 14, further comprising the

step of coaxially aligning the bit and the sleeve.

24. The method as in claim 13, further comprising the step
of providing complementary surfaces on the sleeve and
gripper for stopping inwardly biased <closing of the
gripper at a predetermined distance from a longitudinal

axis of the sleeve.

25. The method as in c¢laim 14, further comprising the
step of providing at least a surface on the gripper for
abutting an upper surface of the head of the screw for
providing datum means for referencing a height of the
screw and for coaxially aligning longitudinal axes of the

bit and the screw.

26. A tool for picking up a screw and engaging a head of

the screw, the tool comprising:



26. A tool for picking up a screw and engaging a head of the screw, the
tool conprising: 31 March 2004 25 a sleeve for |ongitudinally, ﬁﬁggﬂgf?g
fromand retracting into the tool; a gripper for gripping the t he
screw, the gripper being non-pivotally, linearly actuated by the sl eeve,
wher ei n opening and closing of the grippgr are dependent on extension and
retraction of the sleeve, respectively; a bit |located coaxially and
rotatable within the sleeve, wherein the bit is longitudinally extendable

fromand r %t rﬁcéea&pé e th 90 EQQttu%lq_ln’al Oé}gy&gfﬂ%g%goﬁn%n@apétrgét:Ln%d

transm tting torque ron1t tor ver to t for engagin

transm tti agtoothee tbolthe head of the screw, and for Iongltudlnally
extending and retracting the bit fromand into the tool. 27. The tool as
in claim26, wherein the transmtting neans conprises: an air inlet for
recei vi ng ai grppessuris)r agplspeng havientheae ehdtha fsleuieth, carmmaungeappen with
the air Iet t he pusher a te to transl ate ressure into
substantlagF§ BongP Pugﬁﬁgfaﬁg ce: énréﬁﬁxeﬂﬂcﬁﬁ%%ﬁq1 RY enedht f%ﬁe%ﬁ%bling

t he pusherwherben re@sidimnt hyabicAased dqg afdltm%thy@:Dpp@@O&lr@g déFeid&ssUr e
provided by the air ;inlet; and a couplgﬁg device for coupling to the torque
driver and®"t RETEPELOPhENELESIHERG dER &F ridtei AR Subst 2meFal Yoy

a bit located coaxially and rotatable within the
sleeve, wherein the bit 1is longitudinally extendable

from and retractable into the tool;
a torgque driver; and

means for transmitting torque from the torque driver to
the bit for engaging and transmitting torgue to the
head of the screw, and for longitudinally extending

and retracting the bit from and into the tool.

27. The tool as in claim 26, wherein the transmitting

means comprises:
an air inlet for receiving air pressure;

a pusher having one end in fluid communication with the
air inlet, the pusher adapted to translate air pressure

into substantially longitudinal force;

a resilient biasing element for enabling the pusher to be
resiliently biased in a direction opposing air pressure

provided by the air inlet; and

a coupling dewvice for coupling to the torgque driver and

the bit, the coupling device receiving substantially



31 March 2004 26 |ongitudinal force provided by the pusher and torque from

the torque driver and transmtting the sane to the engaging&ﬂﬁﬁgag§%?. The
tool as in claim27, wherein when the gripper wdens outwardly a roma

| ongi tudi nal axis of the sleeve, the gripper is dependent on the sleeve
extending fromthe tool for receiving g releasing the head of the screw,
and when the gripper closes inwardly towards the |ongitudinal axis of the
sl eeve, the gripper is dependent on the sleeve retracting into the tool

for gri ppil% tl@%(:{]lq'*aa%[ Offotrhcee Scrreonici?e>9 -E)he t%oel asusl L | %inra 28c’ rWhee( ein
gri ppi ng por i%ons ~ o he gripper are d?sp se& pr oXi1ma T o “éhds Ot the

sl eeve and flrictn fidie ptokigng upriherhead ofrdhemscrewg artte t Bembi ttcenthé s
extendabl e from.t he tool and protrudable beyond gripping portions of the
gri pper for 98Fgad A HHY transnitting torque to the head of the screw
30. The tool as in claim?29, wherein the gripper is resiliently biased to
close inwardly and the grippin portions of the gripper provide a

subst ant i a?%y EB&t i 5P Gisstjr’?bﬁtlé'&“’t hf ée- PSR YR Sh&rbu’ﬁ}aet e RS of

the screw. w3lenHeoti8@laras y NaGha ¥ B6m Whenend itthelidd Ppakiandoherhsl eeve
include at | east a pair of chanfered surfaces that releasably abut for
enabl i ng t AéS&tuati’on BF 1PREIgrihpéerendfBieion tiHe paleese Erdifind oo

surfaces reheasaly 8BUL WREBN receiving or releasing the head of the

screw, and when the gripper closes i1inwardly towards the
longitudinal axis of the sleeve, the gripper is
dependent on the sleeve retracting into the tool for

gripping the head of the screw.

29. The tool as in claim 28, wherein gripping portions
of the gripper are disposed proximal to ends of the
sleeve and bit for picking up the head of the screw
and the bit end 1is extendable from the tool and
protrudable beyond gripping portions of the gripper for
engaging and transmitting torque to the head of the

SCrew.

30. The tool as in claim 29, wherein the gripper is
‘resiliently biased to close inwardly and the gripping
portions of the gripper ©provide a substantially
spatially distributed three-point grip around the head

of the screw.

31. The tool as in claim 30, wherein the gripper and the
sleeve include at least a pair of chamfered surfaces that
releasably abut for enabling the actuation of the gripper,
wherein the pair of chamfered surfaces releasably abut when
the sleeve extends from the tool and through angular
resolution of force further extending the sleeve, the pair

of chamfered surfaces translate further extension of the



the sl eeve extends fromthe tool and through angular resolution of force
further extending the sleeve, the pair of chanfered surfaceqmqﬁﬁaf%ﬁae
further extension of the 31 March 2004 27 sleeve into widening o e
gri pper, and wherein when force further extending the sleeve substantially
ceases to act, the gripper closes and bhrough angul ar resolution of force
provided by inwardly biased closing of the gripper, the pair of chanfered
surfaces translate inwardly biased closing of the gripper into retraction
of the sl eeyeey32: e ol ;38 It Ghl Ao dherald dile ol eevig.andoLbe

gri pper provide conplenentary “surfaces Tor stoppihg inwardly Di ased

cl osi ng of fulhéhgri ppareratirgy predetéerivieedsulth Amntel Iy oretbe sl angi dodi nal
axis of the,slegye 33 Ihe.tool .as in,elailm 32, wherein.the oripper,
further conprisés 8P reaSt °§°sur face tor aﬁﬁ%ting an -~ upper surtate o? t he
head of thé&ozscrewforipedvbd npwadatyn bkansdf el oséher erfcitige aghipgdt, of
the screw and for. coaxially_alignin he | ongitudi pal ,axes of the bit and
the “oorowihe SHEatm et FE A BARRHAS SRS T BES RAC g DALt oL ASE et
a torque deilveingobrenabl gigppieek iupoofret ractewnand teegageawst of head of
the screw is disclosed. The apparatus includes a sleeve capable of

|l ongitudinally extending fromand retracting into the apparatus. The
apparatus 3burthee ivydiudes angrdipper $of ghRRiiRg de steevehead dhe

gri pper being actuable by the ,
gripper provide complementary surfaces for stopping

inwardly biased closing of the gripper at a predetermined

distance from the longitudinal axis of the sleeve.

33. The tool as 1in <c¢laim 32, wherein the gripper
further comprises at least a surface for abutting an
upper surface of the head of the screw for providing
datum means for referencing a height of the screw and for
coaxially aligning the longitudinal axes of the bit and the

SCrew.



sl eeve wherein w dening and closing of the gripper are dependent on
extension and retraction of the sleeve. Fig. 3 3
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A SCREW PICK-UP APPARATUS

Abstract

An apparatus for use with a torque driver for enabling pick up.of a screw and
engagement of head of the screw is disclosed. The apparatus includes a sleevel capable
of longitudinally extending from and retracting into the apparatus. The apparatus
further includes a gripper for gripping the screw head, the gripper being actuable by the
sleeve wherein widening and closing of the gripper are dependent on extension and

retraction of the sleeve.

Fig. 3



